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Abstract
This mixed-methods case study explored whether the write-converse-write (WCW) strategy
impacted students’ science conceptual understanding, as evidenced by their writing, along with
the teacher and student perceptions regarding the strategy. The study was conducted in a small
school district in northern California with three eighth-grade teachers and their students (n=138).
Students were given several articles to read followed by a writing prompt. After reading the
articles students responded to the prompt; the following day they discussed their writing sample
with a partner. After receiving feedback from their partner, the students completed a second
writing sample followed by taking the student survey. The student survey consisted of six
questions: three Likert scale questions (quantitative) and three open-ended questions
(qualitative). Teachers used a rubric to score the students first and second writing samples and
then completed a teacher survey. The scores from students’ writing samples indicated that
students’ understanding of science content increased following the peer discussion. Additionally,
students’ second scores for their evidence and reasoning showed significant increases, while
their claim scores were not significantly different. The qualitative data collected from the surveys
suggested that students and teachers found the WCW strategy to be beneficial for student
learning. The findings suggest that the WCW strategy could be a valuable tool for scaffolding
student learning and writing in the science classroom.
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Chapter 1: Introduction
The Next Generation Science Standards (NGSS) were published in 2014 and written
based on years of research regarding how children learn science. A key aspect of the standards is
the belief that all children are capable of learning science and complex reasoning (Bybee, 2013;
Duschl et al., 2007; National Research Council [NRC], 2000, 2012; NGSS Lead States, 2013).
Taking Science to School (Duschl et al., 2007) emphasized that even young children use
knowledge and language to make sense of the world. Based on the research, science inquiry was
more clearly defined by the shift to the Science and Engineering Practices (SEP). The SEP called
for students to engage in the process of science and model work done by scientists in the field.
The SEP required students to work together, to debate knowledge, and to participate in
classroom discourse and scientific sense-making (NGSS Lead States, 2013; Schwarz et al.,
2017). The practices stressed the importance social interaction and classroom discourse have in
increasing student’s understanding of the core disciplinary ideas [DCI] (NGSS Lead States,
2013; NRC, 2012; Schwarz et al., 2017).
The Framework (NRC, 2012) called for classroom environments that provided
opportunities for students to participate in the practices, use scientific discourse, and apply their
scientific understanding. When reading through the NGSS Appendix, seven conceptual shifts
were presented in the standards (NGSS Lead States, 2013). The first was the implementation of
three-dimensional learning that actively engages students simultaneously in the science and
engineering practices, the disciplinary core ideas and the cross-cutting concepts. Second, the
performance expectations (PE) were written as learning outcomes; they are the basis for
assessment, however they are not curriculum (Bybee, 2013; NGSS Lead States, 2013; NRC,
2012, 2014, 2015). Third, the science concepts build coherently across grade levels and were
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written as learning progressions with defined grade-band endpoints clarifying what students
needed to know as their knowledge developed and matured over time (NGSS Lead States, 2013;
NRC, 2012, 2014, 2015). The fourth shift is that the standards are fewer but require students to
develop a deeper understanding of content and application over time (Bybee, 2012; NGSS Lead
States, 2013; NRC, 2012, 2014, 2015). The fifth shift focuses on the inclusion of the science and
engineering practices from kindergarten through twelfth grade, which Schwarz et al. (2017)
described as Inquiry 2.0. Sixth, the standards were designed to prepare students for college and
careers, but also to be scientifically literate so students are capable of being informed citizens
(NGSS Lead States, 2013). The seventh shift was critical to this study, because it was the
implementation and alignment of the NGSS to the English Language Arts Common Core State
Standards (CCSS.ELA) and the Mathematics Common Core State Standards (CCSS.Math).
Multiple authors have explained that in order to meet the ambitious teaching called for in the
NGSS science education would have to change (Allen & Penuel, 2015; Best & Dunlap, 2014;
Bybee, 2012, 2013; DeBarger et al., 2017; Fulmer et al., 2018; Furtak & Penuel, 2019; Kawasaki
& Sandoval, 2019, 2020; NRC, 2012, 2014, 2015; Osborne, 2014, 2019; Penuel et al., 2015;
Penuel & Reiser, 2018; Reiser, Novak, & McGill, 2017; Sandoval et al., 2016; Schwarz et al.,
2017; Zangori & Pinnow, 2019)
The NGSS were aligned to the English Language Arts Common Core State Standards
(CCSS.ELA) and the Mathematics Common Core State Standards (CCSS.Math). Appendix M of
the NGSS clarified the connection between the CCSS.ELA and the NGSS by noting, “Writing
and presenting information orally are key means for students to assert and defend claims in
science, demonstrate what they know about a concept, and convey what they have experienced,
imagined, thought, and learned” (NGSS Lead States, 2013, p. 158). Science and Engineering for
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Grades 6-12: Investigation and Design at the Center (National Academies of Sciences et al.,
2019) explained the importance of providing students with multimodal experiences to create
meaningful learning opportunities: experiencing phenomena using simulations, interpreting
graphs, reading, and writing text. The concept of writing in science is not new but has shifted.
Writing with the NGSS requires students to actively engage in constructing their
knowledge. Huerta and Garza (2019) suggested that writing is dynamic and should occur in a
classroom environment that requires students to engage in active thinking, analyzing, and
interpreting the construction of knowledge. Writing should be a process that allows students to
deepen their scientific understanding and refine their thinking (Huerta & Garza, 2019; National
Academies of Sciences et al., 2019; Schwarz et al., 2017). To make writing meaningful, it has to
have a purpose and should be accompanied by a real-life task that requires students to engage in
a significant way (Hand, 2017; Prain & Hand, 2016; Wright et al., 2019).
Statement of the Problem, Issue, or Topic
Researchers have described gaps in the writing research related to how writing promotes
language and conceptual understanding (Huerta & Garza, 2019; Murphy et al., 2018), evidence
regarding discipline specific interventions (Drew et al., 2017), and how to scaffold writing in
science (Nawani et al., 2018). Chen, Park and Hand (2016) called for more research exploring
the impact simultaneous talk and writing have on students’ knowledge development. The call for
research analyzing the benefits of dialogic argumentation and instructional strategies that support
student argumentation has been made by multiple authors (Chen, Park, & Hand, 2016; GonzalezHoward et al., 2017; Henderson et al., 2018; Hsu et al., 2015; Lemmi et al., 2019; Wright et al.,
2019). Nawani et al. (2018) discussed the opportunity for future research to scaffold student
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learning by having students write a pre- and post-instructional response and then provide
feedback to their peers describing how they could refine their post-instructional responses.
Purpose of the Study and Rationale
The purpose of this mixed-methods case study was to explore whether the writeconverse-write (WCW) strategy impacted students’ science conceptual understanding, as
evidenced by their writing, along with teacher and student perceptions regarding the influence of
the WCW strategy. By surveying teacher and student perceptions of the strategy it was possible
to see if the impact of the strategy matched the perceived impact. The survey also asked if
teachers would implement the strategy again. There were two data collection points. The
empirical data collected from writing samples was used to identify if student understanding
changed after discourse with their peers. Survey data provided information regarding student and
teacher’s perceptions of the strategy.
Research Questions
RQ1: Does academic conversational discourse impact student’s understanding of science
concepts as demonstrated in their scientific writing?
•

H10: Student writing and understanding in science will not change after conversing with a
peer.

•

H1A: Student writing and understanding in science will change after conversing with a
peer.

RQ2: Does the write-converse-write strategy impact student’s claim-evidence-reasoning writing
in science?
•

H20: Student’s claim-evidence-reasoning in science will not change after using a writeconverse-write strategy.
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o H201: Student’s claim in science will not change after using a write-conversewrite strategy.
o H202: Student’s evidence in science will not change after using a write-conversewrite strategy.
o H203: Student’s reasoning in science will not change after using a write-conversewrite strategy.
•

H2A: Student’s claim-evidence-reasoning in science will change from the use of the
write-converse-write strategy.
o H2A1: Student’s claim in science will change from the use of the write-conversewrite strategy
o H2A2: Student’s evidence in science will change from the use of the writeconverse-write strategy
o H2A3: Student’s reasoning in science will change from the use of the writeconverse-write strategy

RQ3: What were student perceptions regarding the impact of the write-converse-write strategy
on their scientific understanding?
RQ4: What were teacher perceptions regarding the impact of the write-converse-write strategy
on student scientific understanding?
Significance of this Study to the Field of Education
The study is significant to science education because it provides teachers with an
evidence based instructional strategy that improves conceptual understanding and meets many of
the SEP. The study was a convergent mixed-methods case study. Qualitative and quantitative
research provided different perspectives and had their own limitations. Creswell and Plano Clark
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(2018) highlighted, "mixed methods research provides a way to harness the strengths that offset
the weaknesses of both quantitative and qualitative research" (p. 44). The advantage of a mixedmethods approach for this study was that student pre- and post-writing scores could be used to
identify a change in conceptual understanding. Survey data helped determine if student
perspectives regarding the process influenced their improvement. Teacher perspectives related to
the effectiveness of the WCW strategy were collected through surveys. The current study used
the qualitative results from the surveys to see if there was a correlation with the quantitative data,
going beyond the separate quantitative and qualitative results.
The study is significant to the field of education because it analyzed how writing and
discourse in science impact students’ conceptual understanding of concepts. Drew et al. (2017)
called for follow-up studies that identified discipline specific writing strategies. Using a prewriting activity, followed by peer-to-peer discourse and a post-write, this study collected
empirical information to identify if the strategy impacted student’s conceptual understanding.
The positive findings from the study indicate that the write-converse-write strategy could be an
example of an evidence-based writing intervention that supports student learning in science.
Researchers have identified a gap in the research regarding the relationship between
student writing, discourse, and comprehension (Chen et al., 2016; Huerta & Garza, 2019;
Murphy et al., 2018). This study did not look at the promotion of language but did look at how a
pre-write followed by discourse impacted student’s final writing score. The rubric was adapted
from the Boston Public Schools (n.d.) Science Explanation CER Student Rubric, part of the
rubric specifically looked at content knowledge; the data indicated that writing in science with
discourse promotes conceptual understanding. The findings found an increased conceptual
understanding between the pre- and post-writing samples, that partially fills the gap in research
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between student discourse and comprehension identified by researchers (Chen, Hand, & Park,
2016; Chen, Park, & Hand, 2016; Huerta & Garza, 2019; Murphy et al., 2018).
Definition of Terms
Next Generation Science Standards (NGSS): the newest set of kindergarten through
twelfth grade science standards that were released in April of 2013. The standards were created
by forty-one writers, including twenty-six states “lead states,” and the Achieve organization
(Best & Dunlap, 2014; NGSS Lead States, 2013). The standards were written as performance
expectations identifying what students should know and be able to do by the end of twelfth grade
(NRC, 2012). The NGSS were written as performance expectations for all students to clarify
equity and excellence and integrated engineering with science (Bybee, 2013).
The Framework: Fully known as A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas (NRC, 2012) was created to guide and inform the writers
of the NGSS. It described in detail the science and engineering practices, crosscutting concepts,
and core disciplinary ideas in science education. The Framework (NRC, 2012) outlined a vision
for science education, and how to realize the vision (Bybee, 2013; NRC, 2012, 2015).
Science and Engineering Practices (SEP): are the practices scientists and engineers use when
investigating the world and designing solutions. The SEP define, explain, and extend inquiry in
science (NGSS Lead States, NRC, 2012; 2013; Schwarz et al., 2017) allowing students to engage
in actually doing science.
Disciplinary Core Ideas (DCI): Presented in The Framework (NRC, 2012), they have
broad importance across multiple science and engineering disciplines or are a fundamental
principle in science or engineering. They are limited in number and are taught over multiple
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years of instruction at increasing levels of depth and sophistication (NGSS Lead States, 2013;
NRC, 2012).
Cross-Cutting Concepts (CCC): The crosscutting concepts bridge disciplinary
boundaries, help link the different disciplinary core ideas, and provide students with a common
language. The seven cross-cutting concepts are patterns; cause and effect; scale, proportion, and
quantity; systems and system models; energy and matter: flows, cycles, and conservation;
structure and function; stability and change.
Argumentation: In science, this is referred to as scientific argumentation and defined by
multiple authors as the structure and dialogic elements of an argument (Gonzalez-Howard et al.,
2017; Marco-Bujosa et al., 2017; McNeill et al., 2016, 2017; McNeill & Pimentel, 2010). Often
Toulmin’s (1958) argument pattern is adapted and used when analyzing the structure of an
argument because the language aligns with the NGSS (Cebrian-Robles et al., 2018; Crowell &
Kuhn, 2014; Erduran, 2018; Erduran et al., 2004; Faize et al., 2018; Grimes et al., 2019; Hsu et
al., 2015; McNeill et al., 2016, 2017). Similar to Toulmin’s (1958) argument pattern, science
education focuses on having students create claims that are backed by evidence and provide
reasoning or justification supporting. Researchers discuss that argumentation is a social activity
that requires knowledge construction and critique (Berland & Hammer, 2012; Berland & Reiser,
2011; Cebrian-Robles et al., 2018; Chen et al., 2016; Erduran, 2018; Faize et al., 2018; McNeill
et al., 2016, 2017). The goals of argumentation, as presented in The Framework (2012), include
defending interpretations, advocating for explanations and designs constructed, critically
evaluating other student’s arguments, and presenting counterarguments. Students should interact
with each other to construct and critique arguments that deepen their scientific understanding.
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IRE or IRF: Is a traditional triadic pattern in classrooms where a teacher initiates a
discussion by asking students a question. Students respond to the teacher question, and the
teacher either evaluates the student response as right or wrong or provides the student feedback
regarding their response. IRE is a pattern of classroom discourse that has little student
interaction, is focused on getting the answer right, and prevents students from engaging in highlevel cognitive discourse (Berland et al., 2016; Gomez Zaccarelli et al., 2018; McNeill & Knight,
2013; McNeill & Pimentel, 2010; Osborne et al., 2019; Salloum & BouJaoude, 2019; Windschitl
et al., 2018)
Quality Talk (QT): Quality Talk is grounded in Vygotsky’s theory (1978) on social
constructivism and Bandura’s (1986) work on social cognitive theory. QT has four instructional
components: the instructional frame, discourse elements and tools, teacher modeling and
scaffolding, and pedagogical principles. Through in-depth professional development, teachers
are instructed on how to implement QT to facilitate rich classroom discussions that foster
students’ critical thinking and understanding of concepts. QT aligns with the NGSS by
encouraging students to analyze and interpret data, engage in argumentation, and discuss
scientific information.
Talk Moves: moves that support student participation and engagement in classroom
discussions, and encourage students to elaborate on their thinking and reasoning. The talk moves
were identified and grew out of research conducted on accountable talk by Michaels, Resnick,
and O’Connor. Presented by Michaels et al. (2008) in Ready, Set, Science! the authors outlined
six productive talk moves. After the Talk Science research project was completed there is now a
checklist of nine talk moves that can be used at any point in a discussion to promote student
thinking, reasoning, and collaboration (Michaels & O’Connor, 2012). The nine talk moves
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accomplish different goals. Michaels and O’Connor (2012) described the talk moves as tools that
support learning, scientific reasoning and argumentation.
Epistemic Agency: refers to the concept that students should be involved and placed in
positions of authority to shape their knowledge building practices and experiences in the
classroom (Kawasaki & Sandoval, 2019; Miller et al., 2018; Stroupe, 2014). Reiser, Novak, and
McGill (2017) explained that shared epistemic agency occurs when the teacher and students
negotiate decision-making, and the knowledge creation experiences together. Miller et al. (2018)
defined epistemic agency “as students being positioned with, perceiving, and acting on,
opportunities to shape the knowledge building work in their classroom community” (p. 6).
Epistemic agency is releasing control to students and allowing them to share decision making in
the classroom.
Write-Converse-Write (WCW): developed by Jeff Zwiers and the Understanding
Language team at Stanford University, it is a flexible format that allows for students to conduct a
pre-writing activity, have a peer-to-peer conversation, and then create a post-write or final
writing sample. Zwiers (2019) explained, “the reason for this ‘sandwich’ is to isolate and analyze
the influence of the conversation between the two writing steps” (p. 149). He rationalized that
teachers could analyze the post-writing content to look for content learning and language
development because the writing would show indirect evidence of the student conversations. The
purpose of scoring the writing is that it is easier to collect and analyze writing samples versus
trying to capture all of the student conversations.
Three-Dimensional Learning: the integration of the science and engineering practices
(SEP), cross-cutting concepts (CCC), and disciplinary core ideas (DCI) in each of the
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performance expectations (PE) (Best & Dunlap, 2014; Fick, 2018; NGSS Lead States, 2013;
NRC, 2012; Penuel & Reiser, 2018).
Organization of the Remainder of the Study
Chapter 2 reviews the literature related to the history of science education standards
leading up to the development and writing of the NGSS. There is a brief section related to the
conceptual shifts in the NGSS that are of particular importance for this study. Chapter 2 will
present and analyze the literature related to students becoming epistemic agents. A review of
literature associated with the professional development for the NGSS, scientific discourse and
argumentation will be discussed. The literature review looks at literacy, particularly as it relates
to writing and the NGSS.
Chapter 3 is the methodology used in the study; it describes the research design,
questions, instrumentation, measures, and protocols that were used. Ethical considerations,
limitations, and assumptions were also presented in Chapter 3. The results and findings of the
study are presented in Chapter 4, followed by the discussion and implications of the findings and
their relevance to education in Chapter 5. Chapter 5 also presents recommendations for future
research.
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Chapter 2: Literature Review
This literature review will look at the history of science standards, the research and
development leading up to the Next Generation Science Standards (NGSS), and the conceptual
shifts presented in the NGSS. It provided a foundation for the research study that focused on how
student discourse, using a write-converse-write (WCW) strategy, impacted students’ science
understanding. The literature reviewed established the importance of scientific literacy,
discourse, and epistemic agency in how children learn science, along with the impact these
fundamentals had on the development of the Next Generation Science Standards (NGSS).
The history leading to the development of the NGSS is long and complicated. Years of
research, reports, and learning about how students learn science went into revamping the
standards and science education (Commission on Mathematics and Science Education, 2009;
Duschl et al., 2007; NRC, 1996, 2000, 2009; President's Council of Advisors on Science and
Technology [PCAST], 2010, 2012). Writing the Next Generation Science Standards (NGSS) was
a collaboration of the National Research Council (NRC), Achieve Inc., 26 lead states, and 41
writers. The goal was to develop a set of standards that would fulfill the vision of science
education presented in The Framework (NRC, 2012). The writers sought to incorporate
connections to the Common Core State Standards in English Language Arts (CCSS.ELA, 2010a)
and the Common Core State Standards in Mathematics (CCSS.Math, 2010b).
The NGSS presented numerous conceptual shifts that required students to become
epistemic agents within their science classrooms (Berland et al., 2016; Miller et al., 2018). The
shifts obligated teachers to take on the role of facilitator, mentor and guide of learning, rather
than the traditional position of authority (Bybee, 2012, 2013, 2014; Lowell et al., 2019; Osborne,
2014; Sandoval et al., 2016). Primarily the standards called for students to become doers of
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science. The standards were written as performance expectations that called for students to apply
their scientific knowledge and understanding to demonstrate mastery of the standards (Best &
Dunlap, 2014; Bybee, 2013; Krajcik, 2013; Krajcik et al., 2014; Lee et al., 2019; NGSS Lead
States, 2013; Willard, 2013; Willard et al., 2012).
Many authors have called for the use of scientific phenomena as a way to elicit student
questions that can be answered through exploration using the science and engineering practices
(SEPs) (Berland et al., 2016; Biological Sciences Curriculum Study, 2017; Krajcik et al., 2014;
Lee et al., 2019; McNeill et al., 2017; NRC, 2015; Reiser et al., 2017; Zangori et al., 2013).
Students were called to use the SEPs and cross-cutting concepts (CCCs) in conjunction with the
disciplinary core ideas (DCIs) to master each performance expectation in explaining scientific
phenomena. The interwoven dynamic between the SEPs, DCIs, and CCCs has become known as
three-dimensional learning (Achieve, 2017; Biological Sciences Curriculum Study, 2017;
Krajcik et al., 2014; Lowell et al., 2019; Osborne & Quinn, 2017; Penuel & Reiser, 2018; Penuel
et al., 2019; Reiser, Michaels, et al., 2017; Reiser, Novak, et al., 2017; Roseman et al., 2015).
Due to the numerous instructional shifts presented in The Framework (2012) and written
into the standards, many authors agreed teacher professional development would be critical to
fulfilling the new vision of science education (Allen & Penuel, 2015; Fishman et al., 2017;
Gomez-Zaccarelli et al., 2018; NRC, 2012, 2015; Osborne et al., 2019; Reiser, 2013; Wilson,
2013). One of the shifts was the inclusion of the SEPs. A meaningful aspect of the SEPs was the
inclusion of literacy and the role scientific argumentation has within the science community.
Another key shift was the focus placed on using natural phenomena to guide student learning.
The Framework (2012) discussed the concept that understanding develops over time and
becomes progressively sophisticated. The authors provided grade band end points for each DCI
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that are known as learning progressions. Learning progressions are overarching concepts that
reappear throughout the grade bands to provide students opportunities to build on existing
knowledge and develop more sophisticated knowledge over time (NGSS Lead States, 2013;
Pierson et al., 2019). The concept of students owning their learning and becoming epistemic
agents within the classroom was a big shift, as was the emphasis placed on scientific discourse
and argumentation.
The History of Science Standards
Developing science literacy for all Americans was not a new concept in science education
(American Association for the Advancement of Science, 2001; Commission on Mathematics &
Science Education, 2009; Duschl et al., 2007; Greenleaf et al., 2011; NRC, 2012; PCAST, 2012;
Rutherford & Ahlgren, 1991; U.S. Department of Education, 2015). Scientific literacy for all
citizens has been a fundamental focus of science education reform leading back to the Sputnik
Era (Debarger et al., 2016; Duschl et al., 2007; Furtak & Penuel, 2019; President’s Council of
Advisors on Science and Technology, 2012; Schwarz et al., 2017). Friedman (2005) explained
that with John F. Kennedy's commitment to the space program, the United States Government
intensified the focus and funding of science education. Economic growth and quality of life are
often driven by scientific developments and advances (National Science Board, 2018; Stacey et
al., 2018). Global factors influence many topics taught in science classrooms. In the Science and
Engineering Indicators 2018, the National Science Board emphasized the role of science,
technology, and engineering in the global economy. The United States and European Union were
leading global production of many knowledge-intensive industries; however, the production and
assembly of many high-tech goods were shifting to other parts of the developing world,
primarily China. The Science and Engineering Indicators 2018 acknowledged that the United
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States is competing in an increasingly competitive global economy. Before the NGSS were
written, Friedman and Mandelbaum (2011) argued that globalization was changing every job in
the economy, raising the level of skill individuals needed to retain employment. For American
citizens to remain competitive in the global economy, reform in science education was necessary
(Achieve, 2010; Commission on Mathematics and Science Education, 2009; Duschl et al., 2007;
PCAST, 2010, 2012).
All students needed to have access to high-quality science, technology, engineering and
mathematics (STEM) education to remain competitive with other nations (National Academy of
Science et al., 2010; NRC, 2012; National Science Board, 2016). In 1989, Rutherford and Algren
published Science for All Americans, which provided the groundwork for the Benchmarks for
Science Literacy (American Association for the Advancement of Science [AAAS], 1993). In
1996, the National Science Education Standards (NSES) were published to make science literacy
a reality. The standards were published through a collaborative effort between the AAAS and the
National Science Teaching Association (NSTA). The NSES were the first set of science
education standards; they emphasized teaching science through inquiry and called for changes in
schooling. As a roadmap, the NSES were designed to help lead the nation towards scientific
literacy for all Americans (Roseman & Koppal, 2008). Standards were created to describe
consistent, clear, and comprehensive goals regarding what should be taught by science educators
(Bybee, 2014). The No Child Left Behind Act of 2001 [NCLB] (2002) mandated that all states
adopt standards aligned to national standards. The NSES were used by states as a guideline for
writing state standards (Pruitt, 2014). The development of 51 sets of state standards that varied
drastically from each other were created to meet compliance with the NCLB mandate.
Throughout the development process of state standards local and state educators determined
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what to include or exclude in their state standards (Beatty, 2008; Commission on Mathematics
and Science Education, 2009; Corcoran et al., 2009; Lerner et al., 2012; Roseman & Koppal,
2008).
In the decades following the release of the NSES, research and development of science
education, how students learn science, and the field of science itself advanced substantially
(Achieve, 2010; Duschl et al., 2007; NRC, 2012). Krajcik (2013) discussed the vast number of
scientific breakthroughs in genetics, nanoscience, digital technology, and others that had
drastically altered and impacted the daily lives of Americans. Penuel and Fishman (2012)
claimed that efforts to support implementation of the NSES fell short of achieving significant
improvements in science education. They remained optimistic that science reformers could
utilize and learn from lessons of the past to enhance current science education reform.
Taking Science to School: Learning and Teaching Science in Grades K-8 (Duschl et al.,
2007) was a tremendous contribution to the field of science education. Duschl et al. (2007)
identified that young children entering school have a vast knowledge and understanding of the
natural world. Taking Science to School redefined science proficiency by presenting the four
strands of scientific proficiency. Duschl et al. (2007) recognized that content knowledge and
process skills were connected. Students who were proficient in science demonstrated the
following: "1) Know, use, and interpret scientific explanations of the natural world; 2) Generate
and evaluate scientific evidence and explanations; 3) Understand the nature and development of
scientific knowledge; and 4) Participate productively in scientific practices and discourse"
(Duschl et al., 2007, p. 36). The strands outlined learning goals for students and provided a
foundation for the framework of scientific literacy. The four strands would later be connected to
the dimensions in the Next Generation Science Standards (NGSS).
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Following Taking Science to School (Duschl et al., 2007), the Carnegie Corporation of
New York, along with the Institute for Advanced Study, commissioned The Opportunity
Equation (Commission on Mathematics and Science Education, 2009). The overarching goal of
The Opportunity Equation was to assess the state of mathematics and science education in the
United States and provide a list of recommendations to improve instruction. The commission
presented four areas for improvement. First, it called for higher levels of mathematics and
science learning for all students. Second, the commission underscored the importance of a
national set of mathematics and science standards that were fewer, clearer, more rigorous, and
aligned with new assessments. The Opportunity Equation recommended a single set of standards
be created and potentially adopted by all states. Third, the commission focused on increasing the
number of well-prepared science and mathematics teachers by improving teacher preparation
programs and recruitment strategies. The commission acknowledged that improving professional
learning and development opportunities for existing teachers, along with providing increased
support through better school and systems management was necessary to improve the quality of
teaching within United States schools. The final recommendation was to redesign schools and
school systems to increase mathematics and science achievement. The committee recommended
that high expectations for student achievement be built into school culture and urged for a
national mobilization to raise awareness and change (Commission on Mathematics and Science
Education, 2009). The recommendations from The Opportunity Equation (2009) were reiterated
in two reports presented to the President of the United States.
The President's Council of Advisors on Science and Technology (PCAST) released a
report in September 2010 that explained the necessity of STEM education for the United States
to remain a global leader in the fast-changing world. Prepare and Inspire: K-12 Science,
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Technology, Engineering, and Math (STEM) Education for America's Future (2010) provided
goals and recommendations to advance STEM education in the United States. Among the
recommendations was the effort to develop state-led shared standards and assessments. PCAST
(2010) suggested that the federal government provide both financial and technical support to
states in the development of shared standards, ongoing improvement of assessments aligned to
the standards, and high-quality professional development for the standards. Along with preparing
all students for proficiency in STEM subjects, PCAST (2010) called for all students to learn
STEM subjects and be encouraged to pursue STEM careers.
In 2012, PCAST released a second report encouraging the President and the United States
to renew its commitment to STEM education. The second report, Engage to Excel, discussed the
importance of adopting STEM teaching strategies and providing all students with the tools
needed to excel in STEM courses before entering college. The report sought to improve the
number of post-secondary students seeking STEM degrees and bridging programs between high
schools and post-secondary institutions. Engage to Excel (2012) discussed economic predictions
that STEM fields would require approximately one-million additional STEM graduates. This was
concerning because fewer than 40% of students entering college pursued a STEM degree when
the report was issued. The report emphasized the importance of strengthening and retaining
student's ability to earn STEM degrees. In their letter to the president, the co-chairs reiterated
that a STEM goal was to move America from the middle to the top of the pack (PCAST, 2012).
Taking the Lead in Science Education: Forging the Next Generation Science Standards
(Achieve, 2010) examined 10 sets of international standards to guide the development of new
United States science standards. The countries were chosen based on how well their students
performed on international science measures. The idea was to use the highest performing
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countries' standards as a way to revitalize science education and develop a set of United States
Standards that were internationally benchmarked. The report was critical for identifying
exemplary features found in other countries' standards, along with reviewing their shortcomings.
Achieve believed that the United States was in a position to take a leadership role in creating a
new set of standards that were built around the experiences learned from previous reform efforts.
Using the findings and learning that had taken place from the earlier standards reform efforts,
Taking Science to School (Duschl et al., 2007), How People Learn (NRC, 2000), the AAAS Atlas
of Science Literacy (AAAS, 2001, 2007), The Opportunity Equation (Commission on
Mathematics and Science Education, 2009), and The Framework for K-12 Science Education
(NRC, 2012), Achieve proceeded toward the creation of the NGSS. What followed was the twostep process of writing the Next Generation Science Standards (NGSS).
Writing the Next Generation Science Standards
In 2012, the NRC developed A Framework for K-12 Science Education. A multifaceted
goal for K-12 science education was presented in The Framework (NRC, 2012). A vital aspect of
the goal was that all students learn science (Lee et al., 2015; NGSS Lead States, 2013; NRC,
2012). NGSS for All Students provided three reasons all students needed to learn science: Society
needs to be scientifically literate; employment and career choice will depend on students having
science and engineering skills; and students need to be attracted to STEM fields (Lee et al.,
2015). The Framework (NRC, 2012) explained that a scientifically literate society was necessary
because students needed to have science and engineering knowledge to engage in public
discussions or debates and be careful consumers of science and technological information.
Science education should prepare students to enter any career of their choosing and provide a
foundation that allowed for students to continue learning about science outside of school (NRC,
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2012). The committee used the successes and failures of past science education reform strategies,
national and international science standards documents, and a growing body of research to create
the vision of science education (NGSS Lead States, 2013; NRC, 2012; Osborne & Quinn, 2017).
Using all of this information, The Framework (NRC, 2012) offered 13 recommendations to
guide the development of the NGSS.
The 13 recommendations for the development of the NGSS (2013) were to ensure fidelity
to the vision outlined in the Framework (NRC, 2012) and provide clear, concise directions to the
writers of the NGSS (Bybee, 2013, 2014; NRC, 2012). The standards were intended to set
rigorous goals for all students, be scientifically accurate yet limited in number, be unambiguous,
and be concise. They were to emphasize three-dimensional learning between science and
engineering practices (SEP), cross-cutting concepts (CCC), and the disciplinary core ideas
(DCI). The Framework (NRC, 2012) advocated for the performance expectations to integrate all
three of these dimensions. The performance expectations (PEs) described what students needed
to know and be able to do after receiving instruction. Bybee (2013) explained that the PEs were
learning outcomes, which illustrated the skills students needed to develop. Clarification
statements with the PEs gave examples while the assessment boundaries provided guidance
outlining the scope of the PEs at each grade level. Learning progressions provided guidance
outlining what students were to learn at each grade level (Bybee, 2013; NGSS Lead States, 2013;
NRC, 2012). The standards were explicit about resources, time, and teacher expertise needed for
students to be successful. The NRC (2012) recommended that the standards align with other K12 subjects, particularly the Common Core State Standards for Literacy and Mathematics
(CCSS.ELA, 2010a; CCSS.Math, 2010b). When creating performance expectations, the writers
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took student diversity and equity into account by ensuring that students were able to demonstrate
competency in multiple ways.
Using the vision and recommendations presented in the Framework (NRC, 2012),
Achieve (2010) coordinated a group of 26 lead states and 41 writers who collaborated in
developing the Next Generation Science Standards. The NGSS endured numerous state reviews
and two public comment periods. The National Science Teaching Association (NSTA) and other
critical stakeholders provided additional feedback regarding the standards. The final draft of the
NGSS document was reviewed for fidelity by an NRC review panel (Bybee, 2014; NGSS Lead
States, 2013; NRC, 2015). The NRC review panel used the vision described in The Framework
(2012) to determine if the NGSS fulfilled that vision. In 2013, the National Academies Press
(NAP) published the final document of the NGSS. The NGSS presented opportunities for
improvement in curriculum, instruction, and assessments in science classrooms by changing the
rigor, focus, and depth of science content required for students (Bybee, 2013; Lee et al., 2015;
NRC, 2015).
Conceptual Shifts Presented in the NGSS
Three-dimensional Learning
Building on the vision presented in The Framework (NRC, 2012), the NGSS had
numerous conceptual shifts. Appendix A explained in detail the shifts found within the NGSS
(2013). A significant change was the emphasis placed on the science and engineering practices
(Bybee, 2013; NRC, 2012; Osborne & Quinn, 2017; Schwarz et al., 2017). The science and
engineering practices built on prior reforms and articulated what inquiry looked like in a science
classroom (Bybee, 2013; NRC, 2012; Schwarz, et al., 2017). Schwarz et al. (2017) described the
shift to science and engineering practices "…as a kind of Inquiry 2.0—not a replacement for

34

inquiry but rather a second wave that articulates more clearly what successful inquiry looks
like…" (p. 5). Osborne and Quinn (2017) explained that the shift from inquiry to practices was
necessary to clearly define inquiry. Previously scientific inquiry was listed separately from the
content standards in the NSES; inquiry was not always included or well defined in state
standards (Osborne & Quinn, 2017). The Framework (NRC, 2012) for this reason, among others,
recommended that every standard include the science and engineering practices, crosscutting
concepts, and the disciplinary core ideas (Bybee, 2014; NGSS Lead States, 2013; NRC, 2012;
Osborne & Quinn, 2017). Bowman and Govett (2015) highlighted that there was more inquiry
embedded in the NGSS than previous state standards. They clarified that the NGSS required
students to ask questions, conduct investigations, and develop responses supported by their
observations.
The Framework (NRC, 2012) claimed that by focusing on content alone, separate from
inquiry, students have developed the idea that science is a body of isolated facts. The Guide to
Implementing the Next Generation Science Standards (NRC, 2015) clarified that the science and
engineering practices are meant to work together, explicitly stating that the science and
engineering practices are not intended to be taught in isolation from the disciplinary core ideas.
Students should be provided multiple opportunities to build their science knowledge and
understanding through engagement with the science and engineering practices. Engaging
students in science and engineering practices is a way to help them make sense of and create
explanations for phenomena that will allow students to develop a deeper, more meaningful
understanding of science concepts (NRC, 2012, 2015; Schwarz et al., 2017).
The NGSS was designed to move students from rote memorization of science facts to the
actual doing of science. The Framework (NRC, 2012) showed the relationship between the
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strands and the dimensions and provided explanations describing how the framework was
designed to meet the strands in Table 1. The authors of The Framework (NRC, 2012) discussed
that the strands of proficiency could be developed when students engaged in the SEP and
assumed responsibility for sustained investigations related to the DCI and the CCC. The Guide to
Implementation (NRC, 2015) stressed that students learn facts and terminology as they needed
them to develop explanations and design solutions to explain particular phenomena.
Table 1
Relationships of Strands and Dimensions
Strands from Taking
Science to School
1. Knowing, using,
and interpreting
scientific
explanations of
the natural world

Dimensions in
Framework
• Disciplinary
Core Ideas
• Crosscutting
Concepts

2. Generating and
evaluating
scientific evidence
and explanations.
4. Participating
productively in
scientific practices
and discourse

• Science and
Engineering
Practices

3. Understanding the
nature and
development of
scientific
knowledge

• Science and
Engineering
Practices
• Crosscutting
Concepts

How the Framework Is Designed to Deliver on
the Commitment in the Strand
Specify big ideas, not lists of facts: Core ideas
in the framework are powerful explanatory
ideas, not a simple list of facts, that help
learners explain important aspects of the natural
world. Many important ideas in science are
crosscutting, and learners should recognize and
use these explanatory ideas (e.g., systems)
across multiple scientific contexts.
Learning is defined as the combination of both
knowledge and practice, not separate content
and process learning goals: Core ideas in the
framework are specified not as explanations to
be consumed by learners. The performances
combine core ideas and practices. The practices
include several methods for generating and
using evidence to develop, refine, and apply
scientific explanations to construct accounts of
scientific phenomena. Students learn and
demonstrate proficiency with core ideas by
engaging in these knowledge-building practices
to explain and make scientifically informed
decisions about the world.
Practices are defined as meaningful
engagement with disciplinary practices, not rote
procedures: Practices are defined as meaningful
practices in which learners are engaged in
building, refining, and applying scientific
knowledge, to understand the world, and not as
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rote procedures or a ritualized “scientific
method.” Engaging in the practices requires
being guided by understandings about why
scientific practices are done as they are—what
counts as a good explanation, what counts as
scientific evidence, how it differs from other
forms of evidence, and so on. These
understandings are represented in the nature of
the practices and in crosscutting concepts about
how scientific knowledge is developed that
guide the practices.
Note. Table from The Framework for K-12 Science Education (NRC, 2012) p. 254
The Role of Phenomena
The use of phenomena, its meaning, and its purpose was another instructional shift in the
NGSS. Penuel and Reiser (2018) rationalized that phenomena played a central role in instruction
because it provided a meaningful and purposeful anchor to ground student learning. Before the
NGSS, phenomena were used to illustrate or provide examples of concepts students had already
learned (Penuel & Reiser, 2018). Using phenomena to anchor and drive learning was a shift in
the NGSS (Penuel & Reiser, 2018; Schwarz et al., 2017).
Students should carry out investigations, talk, and write about their observations related
to natural phenomena to develop their understanding of scientific ideas (Duschl et al., 2007).
Reiser, Michaels et al. (2017) argued that hands-on science does not necessarily build scientific
knowledge and understanding. Students needed to be challenged to use their observations
regarding phenomena to construct explanations that justified how and why the phenomenon
occurred (Reiser, Michaels et al., 2017). A fundamental purpose of the Science and Engineering
Practices (SEP) was to engage students in a way that allowed them to develop and make sense of
phenomena or solve problems (NRC, 2015; Reiser, Michaels et al., 2017). The science and
engineering practices emphasized knowledge building that required students to develop
questions, analyze, argue, critique, explain, and model solutions to solve problems and explain
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different phenomena. Questions emerged from students based on their observations regarding
natural phenomena (NRC, 2015; Schwarz et al., 2017). Teachers could then use studentgenerated questions based on phenomena to build coherent learning sequences guided by student
questions (NRC, 2015). Using natural phenomena to elicit student questions and investigations is
a critical shift presented in the NGSS.
The purpose of investigations was to gather evidence that students used in the sensemaking process (Reiser, Michaels et al., 2017). The vision presented in The Framework (NRC,
2012) required that students be allowed to grapple with the complexities of proposing, pursuing,
and refining scientific aims (Gouvea & Passmore, 2017).
One of the science and engineering practices called for students to create models that
explained phenomena. Students could design physical models, abstract representations,
mathematical models, experiments, computer programs, digital simulations, or interactive
demonstrations to explain phenomena or solutions found to problems. Gouvea and Passmore
(2017) differentiated the use of having students create models of something versus
creating models for a purpose. The authors explained that models of are representations of the
real thing; for instance, the cell model is a model of a cell. Models for shifts the attention to the
relationship between the parts within the model and their function; this moves the model beyond
merely depicting what is already known. They argued that modeling in science usually focused
entirely of representational models (models of) and lack any reference to what the model is for or
the epistemic function of the model (models for). The distinction between the two is critical
because the NGSS performance expectations ask students to create models to support their
understanding of the concepts. When students are creating a model with the scientific practices,
they are using the models for a purpose, usually to explain and make sense of a given
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phenomenon. Gouvea and Passmore (2017) emphasized that models “are epistemic
tools for making sense of the world” (p. 56). The researchers stated that a significant aspect
of models for is to give students the power of knowledge construction and evaluation—allowing
students to become epistemic agents. Students should be able to connect their models to the
phenomena and questions that are driving their work. By grounding the lesson in observable
phenomena, students are continuously thinking about the phenomena. They start asking
questions about the phenomena and naturally develop models to deepen their understanding and
explanations regarding the phenomena. The purpose of creating a model should be to make sense
of the world.
A vital aspect of the SEP is to engage students in the complexities of science by actually
doing science. Researchers have attempted to evaluate the impact of the SEP and the NGSS in
classrooms. Kawasaki and Sandoval (2020) examined teachers’ classroom strategies for
alignment or misalignment with the NGSS. They specifically sought to identify how teachers
interpreted their instructional goals concerning the demands of the NGSS. They looked at how
teachers attempted to meet instructional goals by using certain instructional strategies. Seven
secondary teachers from a small urban school district participated in the study. The teachers
attended a three-day summer professional development session in August. The PD focused on
the importance of incorporating the SEP to create opportunities for students to take responsibility
for their learning. In October, the researchers interviewed each of the teachers. The first
interview question was open-ended, asking about new approaches or activities teachers had used
since the August PD session. During the interviews, they prompted teachers to provide specific
examples and details around the strategies they were implementing. From October to March, the
researchers completed a total of 18 observations of the seven teachers and took field notes. The
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authors used a latent thematic analytic approach to identify teacher goals and created a list of
instructional strategies that teachers had used. They developed thematic labels to categorize the
strategies and developed a definition for each of the instructional goal’s teachers were
implementing.
Kawasaki and Sandoval (2020) discovered that teachers had four common instructional
goals. The first instructional goal was the most common and related to teaching canonical
science concepts. In their interviews, two of the teachers expressed skepticism about whether
students were capable of developing models without having learned the concepts beforehand.
The second teacher did not think that students could make sense of the science concepts on their
own by participating in the SEPs and felt that conceptual learning should take place before
students engaged in the practices. The researchers connected this disconnect of practices and
content to the previous science standards in which the nature of science, inquiry and practices
were isolated or separated from the content standards. Kawasaki and Sandoval (2020)
highlighted that a significant shift within the NGSS was that students learn and develop science
conceptual understanding by enacting and using the science practices to explain naturally
occurring phenomena.
Kawasaki and Sandoval (2020) found that the second and third most common
instructional goals both aligned with the NGSS. The second instructional goal was for students to
take responsibility for their learning. One teacher in the study had students work together in
pairs, participate in a whole-class discussion, complete a gallery walk, and continue to revise
models they created. The authors found it less clear how collaboration and student responsibility
for their learning were taking place in the other classrooms. In one classroom, each table group
had a team leader; the team leader's task was to find the best response from the group to share
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with the entire class. Kawasaki and Sandoval (2020) explained that the focus was placed on
students finding and developing the correct answer.
Stating the correct answer coincides with the third instructional goal of having students
share their ideas. The authors found that teachers commonly pressed students about their ideas at
the end of a lesson or unit. In these situations, the teachers were evaluating the students'
understanding of certain scientific concepts. Kawasaki and Sandoval (2020) identified that it was
challenging for students to explain their thinking and the teacher often lead them or just told
them the ‘correct’ or expected answer.
The fourth instructional goal the authors identified was that teachers were using everyday
examples of science to engage students. Although this is often engaging and interesting, it fell
short of the vision within the NGSS of using everyday observable phenomena as an anchor for
student learning and a context to organize instruction around.
There were limitations in the study conducted by Kawasaki and Sandoval (2020). The
sample size was limited and lacked representation of teachers from all levels. Time constraints
only allowed the researchers to collect data from a single interview and a few observations. The
researchers rationalized that a post-observation interview would have provided additional insight
regarding teachers’ instructional goals and allowed for triangulation across the data sources. The
primary lesson learned from this study was that even though the seven teachers were attempting
to implement the NGSS and science education reform, they often underestimated how different
their classroom instructional strategies needed to change to align with the vision of The
Framework (NRC, 2012).
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The Impact or Role of Curriculum
McNeill et al. (2017) conducted a study that focused on ten teachers who were piloting an
Earth Science Curriculum unit to fifth- or sixth-grade students explain how teachers made
decisions regarding curriculum implementation. The authors explained that in order to support
teachers in integrating argumentation, there needed to be an understanding regarding the
decisions teachers made around curriculum implementation. McNeill et al. (2017) sought to
identify how and why teachers use different curricular tools as they make instructional decisions.
The study sought to answer two research questions: “1) What variation exists in teachers’
instruction for argumentation when enacting lessons focused on this science practice? (2) What
factors do teachers discuss in relation to their decision making when enacting the argumentation
lessons?” (McNeill et al., 2017, p. 428). By using classroom videos and teacher interviews, the
cross-case analysis discovered that even though all ten pilot teachers were using the same
curriculum materials, there was a broad range in how the teachers’ implemented the
argumentation lessons. This finding was consistent with findings from previous studies (Berland
& Reiser, 2011; Herrenkohl & Cornelius, 2013).
McNeill et al. (2017) identified three main decision-making factors that impacted how
teachers implemented the argumentation lessons in the pilot. The first finding centered on
teachers’ understanding of the goals of argumentation as a practice. Teachers who had a more
robust understanding of argumentation had higher quality instruction and connected
argumentation to scientific sense-making.
The second finding that impacted how teachers implemented the argumentation lessons
depended on teacher’s ability to be critically reflective curriculum implementers. The findings
discovered that even when teachers strictly followed the curriculum and implemented the
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curriculum with fidelity, they still made changes to the lessons that diminished the amount of
interaction and dialogue students had with each other. The changes the teachers made ultimately
reduced the level of argumentation. McNeill et al. (2017) justified that teachers needed to be
supported in developing a deeper understanding of curriculum goals and argumentation rather
than having teachers use scripted lessons or follow procedural implementation steps. The study
also identified that teachers who were reflective curriculum implementors had better
argumentation instruction because they helped students make thoughtful connections.
The third factor that impacted decisions teachers made regarding curriculum materials
was related to their prior teaching practices and experiences. McNeill et al. (2017) explained that
the classrooms with lower quality argumentation instruction had teachers who tended to focus on
and discuss prior teacher centered instructional practices, which was at odds with the goals of
dialogic argumentation. This study is significant because all of the teachers were interested in
enacting a reform-oriented curriculum. The teachers made different decisions in terms of
language use, activity structure, and classroom norms that impacted the epistemic function of
argumentation within the lessons. Due to differences in how teachers presented the lessons,
student engagement in argumentation differed between the various classrooms and teachers. The
authors concluded that “for classroom instruction to move beyond pseudo-argumentation,
teachers may be required to develop a deeper understanding of argumentation as an epistemic
practice, become critical and reflective curriculum users and problematize their prior teaching
experiences” (p. 453). To meet the vision presented in The Framework (NRC, 2012) and NGSS
teachers were required to be reflective and acknowledge how their previous instructional
practices needed to shift.

43

The findings from McNeill et al. (2017) are meaningful for several reasons. The authors
highlighted that teachers made different decisions in terms of language use, activity structures,
and classroom norms when piloting the curriculum. Understanding the role teacher autonomy
plays in curriculum decisions is important because it means that when conducting the writeconverse-write strategy with students, different teachers may present the strategy in different
ways. The differences in how teachers present and implement the strategy could impact student
results. Even if the researcher provided teachers with a script to follow, this might not ensure that
all teachers understand the underlying goal of the write-converse-write strategy. McNeill et al.
(2017) explained that even though one of the teachers read directly from the curriculum, they did
not meet the epistemic goals of argumentation. The implementation of the write-converse-write
strategy could potentially be impacted by teachers’ understanding of scientific argumentation
and how they view the goal of enabling students to become epistemic agents within the
classroom.
The McNeill et al. (2017) study had several limitations. Due to the small sample size and
comparative case study approach, the study cannot be used to make generalizations for all
teachers. Since all of the teachers were interested in enacting a reform-oriented curriculum, the
participants may not be representative of all or even the typical middle school science teacher.
Fulmer et al. (2018) completed a conceptual analysis that looked into the alignment of
curriculum materials and the NGSS. The purpose was to explore how alignment was explicitly or
implicitly described when the NGSS was interpreted and to identify the challenges that needed to
be addressed to ensure curriculum materials and pedagogy were aligned to the NGSS. The
review was not an exhaustive review of the thematic literature, but Fulmer et al. (2018) believed
that it was a rigorous and thorough review of the literature. They acquired 284 peer-reviewed
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papers, which they narrowed down to 104 sources, 81 peer-reviewed articles and 23 reports,
white papers, and curriculum materials. The researchers had three questions: “(1) How do the
authors interpret standards to inform the design or revision of curriculum, pedagogy, or
assessments? (2) What notion of alignment is adopted, including referent and comparands? (3)
How is the integration of standards defined and gauged?” (p. 1082). Fulmer et al. (2018)
identified three issues when reading across the studies: (1) how to interpret materials, (2)
defining and applying alignment methods for the new standards, and (3) how to define or gauge
integration of the three dimensions. The authors found that two approaches were taken when
interpreting the NGSS and translating it into classroom instruction. One approach was to focus
on and unpack the performance expectations (PEs). The PEs could then be used to create
bundles, which were often created by looking at the DCIs addressed by the PE. The second
approach was to look at one dimension of the NGSS, often starting with the SEPs, and create
bundles. The authors explained that from their reading, the CCCs were often excluded and that in
both approaches, one dimension was typically left out. The researchers looked at work that built
units from the CCCs. Multiple resources interpreted the NGSS by looking at grade bands, which
align with the learning progressions (LP) for curriculum coherence. Some of the literature looked
at using LP to guide and plan the curriculum; other literature focused on using assessments.
Interestingly, many of the studies looked at the three dimensions separately. The differences in
approaches led to the author’s first major challenge in identifying the alignment of curriculum
materials to the NGSS.
The authors believed that alignment research would advance if the investigations
explicitly stated what served as a referent for comparison and described how the standards,
curriculum, and assessments were broken into segments to serve as comparands for rating.
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Justifying that without the referents and comparands it was difficult to make fair comparisons
between different curriculum materials, teaching sequences and assessments instruments, Fulmer
et al. (2018) identified that there needed to be more attention put on alignment as a matter of
research. The researchers argued that inconsistencies in state and school policies could result in
curriculum materials being implemented differently. According to Fulmer et al. (2018), some
major curriculum developers stated that their materials were well-aligned to the NGSS, but they
did not have any published alignment documents or materials to check or support their claims.
A second concern the writers found from their thematic literature analysis was that texts
advocated for coherence, but there was often confusion about the meaning of “coherent”
curriculum. Fulmer et al. (2018) called for defining and applying coherence to alignment work.
The authors found that the enactment of three-dimensional integration was not well-defined in
the literature. Attention was necessary when developing integrated units or curriculum to ensure
that a range of complexities for each of the dimensions was included. When discussing a
previous study conducted by Reiser (2014), Fulmer et al. (2018) emphasized that integration of
the three elements may not be enough. The elements should be integrated into the classroom
learning environment so that students are required to actively participate in science. Even though
a consensus had not been reached, there had been agreement around using phenomenon-driven
curriculum and pedagogy with multicomponent assessment tasks.
The third challenge Fulmer et al. (2018) discovered was identifying the proper concept
to concentrate on within the NGSS. The researchers found that there were often competing
interpretations of different units or courses and the choices that were made around the
phenomenon that would anchor the units. The researchers reasoned the focus prioritized could
impact the integration of units and lead to a lack of coherence. They called for future research
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analyzing how teachers interpreted the NGSS and the impact their interpretations had on
implementation and teaching practices.
The fourth challenge was the role learning progressions had in interpreting the NGSS.
Fulmer et al. (2018) called for further research to give an empirical base for teaching sequences.
The authors also found that further research could look at the differences in hypothetical LPs and
compare them to multidimensional LPs versus bundles of one-dimensional LPs. Additionally,
they called for further research examining how standards are interpreted and prioritized by
teachers. The study sheds light on the challenges in aligning the NGSS and its successful
implementation.
In a paper presented at the annual meeting of the National Association for Research in
Science Teaching (NARST), McNeill et al. (2016) presented a different opinion arguing that
good teaching is not going to look the same in all classrooms. McNeill et al. (2016) explored
different conceptualizations of fidelity of implementation in the enactment of a middle school
science curriculum focused on argumentation. The study involved two units of life science
instruction that addressed two goals of argumentation: the structure of an argument and
dialogical interactions. Five teachers were selected to participate in the study based on their
location to the research team, which allowed the team to collect video recordings of the lessons.
The teachers had anywhere from two to over 20 years of teaching experience. The teachers
taught in three different schools; one taught in a private school, two taught in a suburban public
school, and two teachers taught in an urban public school. One of the teachers taught an English
immersion science class. The researchers selected six lessons that contained a range of activities
targeting argumentation goals to examine the teachers’ fidelity of implementation. All six of the
lessons were video recorded and coded using two fidelity of implementation coding schemes.
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The first coding scheme analyzed the adherence to the order and types of procedures described in
each lesson, which the authors referred to as fidelity to procedure. The coding was completed by
two coders who had an interrater reliability of 79% across the six lessons. The second coding
scheme looked at the fidelity to goals to determine how well the teachers adhered to the
overarching argumentation goals within the curriculum. Three coders coded the videos for
fidelity to goals. Their interrater reliability was calculated by percent agreement for pairs and
was 77%, 78% and 80% across the lessons. After developing matrices and graphical
representations to identify patterns, no trends emerged in relationship to the six argumentation
lessons. There were, however, distinct trends and patterns related to the teachers. McNeill et al.
(2016) then used the codes to create case studies focused on the quality of argumentation for
each teacher and the changes the teachers made to the argumentation lessons.
The researchers discovered that there was a variation between how the five teachers in
the study implemented the different argumentation lessons. When analyzing fidelity to
procedure, three of the teachers demonstrated about 80% fidelity to the curriculum. Two of the
teachers had 40% alignment to the procedures as they often modified or skipped the
argumentation lessons. McNeill et al. (2016) discovered a different pattern when looking at the
fidelity to goals, partly because the coding scheme did not consider whether the activity or
procedure aligned with the curriculum, but instead the coding scheme identified whether the
instruction would support argumentation. The coding scheme looked at argumentation by scoring
for four goals: competing claims, interactions, reasoning, and evidence. The researchers found
that three of the teachers had high scores for argumentation and supported all four argumentation
goals. One teacher, also the teacher who had the lowest score for fidelity to procedure, had a very
low score and provided minimal support for competing claims and no support for student-to-
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student interactions. The fifth teacher had very different scores when looking at her fidelity to
procedure and fidelity to goals. She had very low scores when looking at her fidelity to
procedure; however, she had the highest score for fidelity to goals. This led the authors to
conclude that teachers could make modifications to curriculum lessons and uphold rigorous
argumentation instruction.
McNeill et al. (2016) argued that good teaching is not all going to look identical, but it is
going to be responsive to the needs of students. The researchers stressed that quality curriculum
should provide teachers with resources that allow them to respond appropriately to student’s
needs. Based on the findings, the authors explained that it may be less important for teachers to
understand exact procedures, but the rationale may be a critical piece in helping them understand
the goals behind the procedures. By understanding the goals behind the procedure, McNeill et al.
(2016) justified that teachers may then be able to make appropriate modifications to meet the
needs of their students. The researchers stated that teachers may benefit from participating in
explicit learning experiences that shift their views of pedagogical design capacity and curriculum
use. This is a critical point considering that not all of the adaptations teachers made in the study
aligned with the curriculum goals.
McNeill et al. (2016) provided important insight into understanding that different
teachers will make different adaptations to curriculum materials to meet the needs of their
students. The researchers explained that future research needs to explore the relationships
between the fidelity of implementation measures and student outcomes. They suggested that
focusing on learning goals, rather than procedural elements of curriculum, may be a better
predictor of student learning gains. McNeill et al. (2016) findings indicate that when teachers
participating in this research implement the write-converse-write strategy, they may do so with
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different procedures and goals in mind than the current researcher. Caution will have to be taken
to ensure that everyone has the clear understanding of the goals behind the write-converse-write
strategy.
Assessment and the NGSS
In the past, many science assessments have focused on assessing knowledge of facts and
procedures. The NGSS were written as a series of performance tasks that require students to
utilize science and engineering practices (SEP), apply disciplinary core ideas (DCI), and
crosscutting concepts (CCC) to solve problems and explain phenomena.
Penuel et al. (2019) conducted a validity study for assessment tasks that were designed to
evaluate phenomena-based teaching in high school. The researchers conducted a large pilot study
of a set of transfer tasks that were anchored in science phenomena. The authors were looking to
answer three questions:
•

Can transfer tasks be designed that are aligned with opportunities to learn
presented in curriculum materials?

•

Can transfer tasks be designed that are fair for all genders and students of
different racial backgrounds?

•

How comparable are performances on phenomenon‐based tasks intended to assess
the same standards as the curriculum? (p. 2)

The initial sample was composed of 733 students, from 11 high school biology teacher’s
classrooms, across five different schools in the Midwest portion of the United States. The district
had previously adopted the NGSS and teachers had received extensive professional development
in relation to the NGSS and phenomena-based teaching. Each student completed a pre- and postassessment; all of the assessments contained two tasks and students received different tasks for
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their pre- and post-assessments. The sample of students was reduced to 583 because the students
who did not attempt to complete at least one of the two tasks were removed. Each of the tasks
was designed to show a transfer of understanding.
The goal of Penuel et al.’s (2019) study was to produce multi-component assessment
tasks that were organized around real scientific phenomena, included actual scientific data
related to the phenomena, and connected with the instruction students had received. The
assessment tasks were used to assess student understanding of five performance expectations in
high school life science related to the NGSS evolution standards HS-LS4-1, HS-LS4-3, HS-LS44, and HS-LS4-5. Assessment prompts were scored with a rubric that identified facets of
understanding. Two coders completed the scoring of all student tasks; the team of coders was
able to achieve between 85% and 95% agreement for each of the tasks. Overall, the coders had
90% agreement in scoring across all four of the tasks. The researchers found that the evidence
regarding task comparability was mixed. When the post-assessment results were compared to the
pretest results, nearly all of the assessment combinations showed an improvement in the
student’s scores. The key finding from the study demonstrated that it is possible to design threedimensional assessment tasks that can be used to evaluate student learning and the success of
phenomena-based teaching. The strengths of the study included that the tasks tested students’
mastery of performance standards that were focused on a phenomenon-based unity even though
students were assessed using a phenomenon they had not previously encountered.
The validity study conducted by Penuel et al. (2019) did have some limitations, and the
findings highlighted some challenges in creating three-dimensional assessment tasks. One
potential limitation with the study was that students did not take the same task twice; this made
measuring direct growth impossible, which also meant that there were no “linking items” to
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establish equivalency. Researchers also would expect teachers to implement curriculum materials
in different ways, and the low R2 values suggested that much of the teacher variability was not
captured by the tasks that were presented, which led researchers to conclude that revisions were
necessary. Another implication was that the researchers found it difficult to adequately address a
single performance expectation with a high-quality extended task. Penuel et al. (2019) explained
that “it would be difficult to assess each standard taught in a given year adequately, and likely
impossible to do so on the tests typically given in states that are intended to assess multiple years
of instruction” (p. 25). One of the tasks developed by the authors proved to be more challenging
than the other three tasks. This demonstrated the necessity of empirically evaluating what task
features tended to be more difficult than others. This also led the research team to adjust their
design process when creating tasks. First, they started considering the nature of the phenomena
when developing new tasks and looked to see if they were comparable. Second, they also started
developing assessments in pairs to improve the degree each assessment’s prompts were mirrored.
Penuel et al. (2019) emphasized that tasks should be interesting to students and reflect an
understanding that learning is improved when students’ everyday experiences are utilized.
Professional Development for the NGSS
Professional development for teachers was a fundamental aspect of implementing the
NGSS. Gomez-Zaccarelli et al. (2018) sought to identify how professional development
opportunities assisted teachers in enacting productive classroom discourse. The descriptive case
study examined one teacher's implementation of the science practices to support student
engagement in scientific discourse before and after participating in a practice and video-based
teacher professional development program. The authors attempted to answer several questions;
the first question looked at the opportunities students had for classroom discourse and
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engagement before and after the teacher participated in the professional development program.
Gomez-Zaccarelli et al. (2018) wanted to identify the talk formats, activities used to engage
students, and the teacher facilitation moves used before and after the professional development.
The second question looked at how the teacher reflected on her professional development
experiences and science practices to explain changes to her teaching routines. Data included five
video observations recorded before and after the teacher professional development program. The
researchers also collected interviews and survey responses. The study analyzed the discourse
practice changes using an observation protocol developed and validated by the project team. The
teacher participated in a one-week summer institute and spent two weeks in a teaching practicum
that involved planning and implementing the instructional strategies learned with students
attending summer school. The teacher watched videos of her teaching and other teacher videos
from other participants in the professional development program to reflect on their practices and
receive feedback. Four follow-up sessions were conducted during the school year to provide
support and guidance for teachers to incorporate the new instructional practices. A limitation of
was that it was a case study of one teacher's practices, reflections, and activities so the findings
cannot be generalized. The authors included plans to extend the analysis to multiple case studies.
In the two lessons analyzed before the professional development program, the teacher
distributed her time evenly between individual work, instruction, pair dialogue, small group
dialogue, and whole-group dialogue. After participating in the professional development
program, 54% of the time was spent on whole group dialogue, 20% was spent on small group
dialogue, and 15% was spent on individual work. A significant change following the professional
development program was that only 5% percent of the time was spent on instruction, and 6%
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percent was spent on pair dialogue. These data showed notable changes in the types of talk
formats the teacher used before and after professional development.
The teacher implemented three of the professional development program activities, which
occupied a substantial proportion of the whole class. Another shift following the professional
development was the number of teacher talk moves used to facilitate science dialogue. The
researchers observed more than 200 moves used by the teacher during the second baseline
observation, compared to the 70 moves used in the first post-observation. The science discourse
instrument (SDI) was used to measure teacher and student scientific argumentation practices
(Borko et al., 2021; Fishman et al., 2017; Gomez-Zaccarelli et al., 2018; Osborne et al., 2019).
Gomez-Zaccarelli et al. (2018) explained that "the lower number of moves in her first postteacher professional development observation compared to her second baseline observation was
associated with more productive science discourse as measured by the SDI" (p. 730). Before
participating in the professional development program, most of the talk moves involved the
teacher asking students to share their ideas and engage in discussion. After the professional
development program, the teacher used more press moves to facilitate student consideration of
different claims and focus their agreement or disagreement with others' ideas to enable evidencebased critique and argumentation. Press moves helped students dig deeper by asking them to
explain their reasoning and thinking (Gomez-Zaccarelli et al., 2018; Michaels & O'Connor,
2012). The number and type of support moves she used also decreased and changed so that she
was providing specific support for framing and verbalizing ideas. The overall findings indicated
that the teacher's talk moves shifted as she implemented and enacted more sophisticated and
complex talk moves. The teacher shifted instruction from initiating discussion and focused
instead on sustaining productive science discussion, using more press moves which concentrated
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on student elaboration and reasoning of science concepts. There were three primary press moves
the teacher used: 1) press for clarification; 2) press for evidence; and 3) requesting students to
compare claims, agree/disagree, or add on, which invited students to engage with other students'
ideas.
Analyzing the teacher reflections following the professional development program
highlighted that she took on a more directive role that was primarily teacher-driven at the
beginning of the school year. Through professional development, the teacher realized the
importance of stepping back, facilitating discourse, providing room for students' ideas, and
supporting students in science discussions. This finding provided evidence that teachers could
change their instructional practices in ways that increase students' opportunities to engage in
scientific discourse. Crucial aspects of the professional development program incorporated work
completed by Desimone (2009), i.e., the program lasted for a sufficient duration, a one-week
summer institute, followed by a two-week summer practicum and four support days throughout
the school year.
Understanding the complexity of professional development is important for improving
pedagogical skills related to implementing the science and engineering practice of engaging in an
argument with evidence. The Practicum Academy for Improving Science Education
(PRACTISE) professional development (PD) program has been the subject of several research
initiatives studying teacher professional development (Borko et al., 2021; Fishman et al., 2017;
Osborne et al., 2019). Fishman et al. (2017) highlighted, "the overarching goal of the PRACTISE
project is to develop a model of PD that will enable elementary teachers to engage and support
their students in discursive scientific reasoning using evidence-based argument" (p. 2). The
PRACTISE PD program had four objectives for participants. First, the program focused on
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helping participants realize that argumentation was a fundamental practice of science. Second,
the program facilitated argumentation from evidence so students could share, support, compare,
evaluate, and revise ideas. The third objective was to develop a respectful culture of productive
talk. The final objective of the program was to plan instruction that was aligned with the
Common Core English Language Art Standards (CCSS.ELA), California English Language
Development (ELD) Standards, and the Next Generation Science Standards (NGSS). The
PRACTISE academy contained multiple parts: a one-week summer institute, a two-week
practicum, and four follow-up sessions during the school year.
During the PRACTISE academy, facilitators presented interactive presentations on
conducting science discussions and argumentation in an elementary classroom. Osborne et al.
(2019) explained that the following topics were covered: discussion norms, student talk formats,
the SEP, argumentation terminology, and pedagogy that represented ambitious science teaching.
The claim, evidence, reasoning framework was introduced, and participants had discussions
regarding open-ended questions. Concept cartoons, argument lines, and four corners were
presented as ways to support discussion. Participants engaged as learners in lessons led by the
facilitators and analyzed artifacts such as transcripts and videos to identify moves that supported
student talk. Multiple argumentation strategies were presented, such as listening triads, idea lineups, four corners, fishbowls, and tea-party talks. The one-week summer institute introduced
participants to using argumentation practices with students.
In both the Osborne et al. (2019) and Fishman et al. (2017) studies, some of the
participating teachers attended a two-week summer practicum following the one-week summer
institute. Throughout the two-week practicum, teachers taught science lessons to summer school
students; the lessons were observed by PD leaders and video recorded. At the end of each day,
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professional development leaders moderated discussion groups where participants watched the
recorded lessons, discussed them, and provided feedback. Throughout the practicum, the
teachers participated in a coaching cycle, which included lesson planning, meeting with the
coach before teaching and filming the lesson, and finally having a post-lesson coaching session.
Fishman et al. (2017) explained, "the practicum allowed teachers to practice using instructional
practices that facilitated scientific discourse in a low-stakes and highly supportive environment
and to refine these practices using modeling, reflection, and feedback" (p. 8). The researchers
predicted that the practicum would positively impact teacher use of discourse practices because it
was an intensive component of the PD program.
The teachers participated in four follow-up sessions that took place during the academic
year. Teachers shared and discussed their experiences, implementing argumentation practices in
the classroom. The follow-up days were focused on planning, modifying the existing curriculum,
reflecting on the progress, success, and challenges experienced. Teachers participated in
activities that involved hypothetical situations of argumentation in the classroom and strategies
to overcome barriers. Video discussion groups were held using current teachers' classroom
videos that allowed for authentic conversation and reflection. Some of the Osborne et al. (2019)
teachers participated in eight follow-up days because they participated in the study during two
academic years.
Osborne et al. (2019) and Fishman et al. (2017) focused on six classroom practices for
supporting argumentation and reasoning. The teacher practices were to ask, press, and link.
Fishman et al. (2017) clarified that there generally are several valid responses in argumentative
discourse, and argumentation is required to resolve differences and determine the validity of a
response. In this situation, the ask, press, and link moves are particularly useful. Implementing

57

the ask practice required teachers to ask open-ended questions that generated productive
scientific discourse, which necessitated students to elaborate or explain their reasoning and
thinking. During press moves, students elaborated on their reasoning and thinking when teachers
asked a follow-up question such as "Why?" or "Can you tell us more about that?" Linking
occurred when a teacher related student contributions to other contributions. The purpose of
linking was to combine student contributions to develop a shared understanding. The student
discourse practices were to explain/claim, co-construct, and critique. When students provided
extended explanations and supported their claims with evidence, they were explaining or
claiming; they were working together to create a meaningful explanation. Critique took place
when students challenged ideas, asked each other or the teacher questions, and produced
counterarguments. Co-constructing occurred when students built on the ideas of others, asked for
clarification, or engaged in elaboration. The authors felt these practices were essential for
scientific argumentation and focused on these discourse moves to measure whole classroom
argumentation quality.
Both studies used the Science Discourse Instrument (SDI), which was developed for the
study conducted by Fishman et al. (2017). The SDI was adapted from other scales that had been
tested and validated. Fishman et al. (2017) explained that conducting a full validation study
would have exceeded the time and resources researchers had available. The majority of the SDI
scales' adjustments were to change the language to directly reflect the discourse of argumentation
in science and capture features specific to science lessons. The SDI was developed based on the
three teacher-related discourse practices: ask, press, and link, along with the three student
practices: explain, co-construct, and critique. The SDI introduction explained that dialogical
discourse is extremely important for developing a deep understanding of science concepts. The
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authors clarified that "discourse may be about conceptual, procedural or epistemic aspects of
science…" (Fishman et al., 2017, p. 20). Classroom discussions could focus on students' ideas
regarding the phenomenon and organizing or interpreting data to build explanations.
Conversations could occur regarding the creation of models, critiquing or comparing models, and
refining or revising models. At times, the discussion explained new scenarios/phenomena, made
connections between concepts, or summarized key ideas. Classroom discussions could also be
had regarding investigations students had designed. Fishman et al. (2017) pointed out that
students could argue from evidence when there was a difference of view or opinion. The
researchers argued that the SDI could be used or applied to any whole class or small group
discussion where students engaged in an argument with evidence.
Fishman et al. (2017) examined the efficacy of the PRACTISE PD program in enriching
teachers’ instructional practices and classroom discourse. Their study focused on the first phase
of the multiyear research project. The first research question examined the extent to which
teachers' participation in the PRACTISE PD program influenced their classroom discourse
practices. The second question compared and contrasted the differences in the discourse
practices between teachers that participated in the two-week practicum experience with the
teachers that did not participate in the two-week practicum experience.
The participants in the study were recruited from a large urban school district in Northern
California. Schools were randomly assigned to two different cohorts after researchers had
stratified for socioeconomic status; this was done so that participants in a school experienced an
identical PD program. Initially, 44 upper elementary teachers (third- through fifth-grade) were
recruited, but seven teachers left the project. The remaining participants were divided into two
cohort groups, which resulted in 18 teachers in Cohort 1 and 19 teachers in Cohort 2. Cohort 1
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contained teachers from eight schools, six of the schools had between 75% to 95% of students
who qualified for the free or reduced-price meal program, and the teacher participants had an
average teaching experience of 10.9 years. Cohort 2 consisted of 19 teachers from 10 schools,
nine schools had 70% to 93% of students that qualified for the free or reduced-price meal
program, and the teachers had an average of 8.4 years of teaching experience. The teachers in
cohort 1 attended the one-week summer institute, the two-week practicum, and four follow-up
sessions during the academic school year. Teachers in Cohort 2 only attended the one-week
summer institute and the four follow-up sessions during the school year. Baseline data were
collected through classroom videos of the participants' science lessons before and after
participating in the program.
The data were analyzed by identifying two (segment A and B) 15-minute segments of
video that contained a minimum of five minutes of whole-classroom discussion or talk related to
science. Segment A typically occurred at the beginning of the lesson, while the second segment,
segment B, usually took place at the end of the lesson. Six researchers were trained to rate the
video segments using the SDI tool as a group by watching a segment and discussing the ratings
that it should receive, then researchers rated videos independently, followed by pairs until
reliability was achieved. A descriptive analysis calculated the mean and standard deviation for
the teacher and student practices at the baseline and the year following the professional
development. A split-plot ANOVA analysis was conducted for the six practices as separate
variables allowing the researchers to identify how the use of each argumentation practice
changed over time.
The findings showed that the professional development program positively impacted the
teachers' and students' argumentation practices. A critical discovery was that the PRACTISE
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academy with the one-week summer institute and the four follow-up sessions during the school
year was a useful PD model. The use of the core practices of scientific discourse significantly
improved for both cohorts. Fishman et al. (2017) rationalized that combining the 1-week
workshop and four follow-up days successfully helped teachers develop the skills necessary to
engage students in argument from evidence and implement the NGSS standards. A surprising
finding was that the participants in Cohort 1 that attended the practicum experience did not show
statistically significant gains over Cohort 2. The authors listed several possible reasons for this,
among which the follow-up sessions during the school year may have had a more substantial
impact on influencing teacher practices because they allowed the teachers to refine practices in
an ongoing manner.
The PD program design included the PD leaders observing the teacher's strengths and
areas of weakness when creating each follow-up session. By focusing on teacher strengths and
needs, the follow-up sessions were centered on teacher learning. The core activities were also
discussion groups based on classroom instructional videos. Fishman et al. (2017) justified that a
practice-based PD that used video reflection and sustained support from facilitators helped
teachers make significant improvements in their discourse instructional practices. The Fishman
et al. (2017) findings were supported by a study conducted by Osborne et al. (2019) after the
PRACTISE PD program had been implemented over multiple years.
The goal of the Osborne et al. (2019) study was to implement new approaches to teacher
professional development that would effectively change teacher pedagogy and practice in a short
time. Osborne et al. (2019) rationalized that "new approaches in which teachers practice novel
instructional approaches, learn from their mistakes and peer critique, and gain the confidence to
implement these pedagogic techniques within their classroom are needed" (p. 1075). The
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researchers studied the effects of the Practicum Academy to Improve Science Education
(PRACTISE) professional development (PD) program on three different cohorts of teachers over
four academic years. Cohort A attended the summer institute, practicum and had eight follow-up
PD days. Cohort B attended the summer institute and had eight follow-up PD days but did not
participate in the two-week-long practicum. Cohort C participated in the program during the
third school year; participants attended the one-week summer institute, a two-week practicum,
and four follow-up days over the academic year. Modifications to the academy were made for
Cohort C based on feedback from the previous cohorts. The modifications included introducing
tools developed to address challenges previous teachers had experienced in their classrooms
during the summer institute instead of the school year follow up PD days. Within the modified
academy, teachers were presented problems previous teachers had faced when implementing
argumentative discourse. Researchers also increased the number of debriefing sessions focused
on pedagogy, which allowed for more time to decompose the practices used during learning
activities.
Osborne et al. (2019) asserted that of the eight scientific practices engaging in argument
from evidence was the most challenging for teachers to incorporate. Implementing a dialogic
approach of teaching was challenging for teachers because science learning is often viewed as a
process of imparting or dispersing information and knowledge; science is often presented as a set
of known facts or conclusions. Teachers themselves learned science as receivers of knowledge
and information; therefore, they have rarely participated or presented the evidence to justify the
science concepts they are teaching.
Osborne et al. (2019) explained that scientists advance claims about the world using three
different forms of argument and six styles of reasoning unique to science. The authors identified
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four main features of a classroom that supported argumentation from evidence. Feature one
occurred when students played an active role in knowledge construction and deliberate
discourse. The second feature happened when students expressed ideas with supporting evidence
and reasoning. A third feature took place when students were encouraged to adopt a critical
attitude toward knowledge claims, and the final feature was respectful and supportive
interactions between members. Osborne et al. (2019) proposed that teaching the science and
engineering practices required a significant change in pedagogy that provided students
opportunities to practice activities such as argumentation. Changing teacher pedagogy takes time
(Bybee, 2014; Kilinc et al., 2017; Marco-Bujosa et al., 2017). Studies (Allen & Penuel, 2015;
Chen et al., 2017; Fishman et al., 2017; Osborne et al., 2013; Osborne et al., 2019) have shown
that it takes at least one to two years for teachers to become competent with new instructional
practices that affect student performance.
Osborne et al. (2019) discussed the importance of dialogue and discussion in student
learning, particularly when implementing argumentation practices. Fishman et al. (2017) and
Osborne et al. (2019) emphasized that discourse is often dominated by initiation, response,
evaluation (IRE), which allows the teacher to maintain a high level of control over the
discussion. Fishman et al. (2017) identified three major weaknesses in IRE. First, they
rationalized that IRE often only asked for recall from students, which results in very little
cognitive thinking. Second, the interaction minimizes discourse because it only occurs between
the teacher and the student. The third weakness was that evidence suggests it is not effective in
supporting student learning. Osborne et al. (2019) explained that IRE does not incorporate
reasoning, engaging in discursive practices, explaining, predicting, arguing, and critiquing; these
are critical for developing a deeper understanding of science concepts. The author also stressed
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that when reasoning is discussed and challenged within a classroom community, the best results
are acquired. When classroom discussion occurred, errors were exposed to public critique, and
could be corrected.
Similar to the Fishman et al. (2017) study, the Osborne et al. (2019) study took place in a
large Northern California urban school district using a quasi-experimental approach. The schools
participating in the study were randomly assigned to one of the three cohorts. The researchers
aimed to recruit approximately 25 teachers for each cohort. The primary data collection method
was videotapes of teachers' science lessons. When possible, three science lessons between 30 to
90 minutes long were recorded in the spring; a minimum of two videotaped lessons were
completed for each teacher. Each of the videotaped lessons was then rated using the SDI; the
lessons' ratings were then averaged for a single set of SDI ratings. At the beginning of the study,
57 upper elementary teachers and their students (third- through fifth-grade) were recruited.
Schools were assigned to cohorts using a stratified random assignment, which resulted in 18
teachers being assigned to cohort A, 19 teachers assigned to Cohort B, and 20 teachers assigned
to Cohort C. Several teachers left the program, leaving only 35 teachers remaining throughout
the entire study. The majority of the teachers that left the study were from Cohort C, so
researchers had to recruit additional teachers for Cohort C. This was a potential limitation to the
study, because the additional teachers for Cohort C were recruited in the second year of the study
and could not be viewed as a randomly assigned sample. Another potential limitation of the
study, which could affect the study's validity, was that the numbers were small, and there was the
possibility of selection bias. The participant changes in Cohort C caused the comparison of
Cohort A and B with C to be viewed as a quasi-experiment.
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Student learning was measured using assessments that were created from adapting gradespecific FOSS assessment items. The assessment items covered topics students learned during
the school year. Since the assessment varied due to the curriculum taught in each classroom and
did not specifically address one domain, the test was a distal measure of student learning and the
ability to reason. There were three tests assembled for each grade level, one for each of the
science domains (earth, physical, and life science). Due to teacher attrition, sufficient data was
only collected from fifth-grade students. The difficulty in collecting complete sets of student data
was another possible limitation. In the end, the analysis was completed on nine teachers.
Osborne et al. (2019) hypothesized that if the study and data were replicated in a larger sample,
"it would imply that improving the quality of student discourse practices would have a greater
effect on student attainment than improving the quality of teacher discourse practices" (p. 1099).
Data analysis took place using the Science Discourse Instrument (SDI), which included
six scales used to measure the quality of teacher and student scientific argumentation practices.
The protocol required raters to identify two 15-minute segments in each video to analyze when
possible whole-group discussion was selected. In most lessons, these segments took place at the
beginning or near the end of the lesson, which meant that the discussions had different
characteristics. If the discussion took place near the beginning of a lesson, it was classified as an
opening discussion. If the video segment occurred at the end of the lesson, it was categorized as
a closing segment. The distinction is important because opening and closing discussions were
rated separately. Before rating the video segments, six researchers were trained in a pilot study to
use the SDI instrument. Raters working in a group watched a single segment and discussed how
that segment should be rated. Finally, raters worked in pairs to rate each of the video segments.
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The analysis was based on combining the teacher practice measures and student practice
measures.
Borko et al. (2021) conducted a follow-up study of the PRACTICE program focused on
the relationship between the PD program and instructional practices. The researchers were
attempting to better understand the relationship between teachers’ experiences in the PD program
and the impact to their instructional strategies when conducting classroom discourse. The study
was a single case study with “embedded cases” of four fifth-grade teachers who showed different
patterns of change due to participating in the program. Two of the teachers were from Cohort A,
and two teachers were from Cohort B; the researchers did not consider or include any of the
Cohort C. Classroom videos were the primary data source, secondary data sources included
interviews and surveys.
Borko et al. (2021) identified two major themes from their data analysis. First the
researchers found that students were provided more opportunities to discuss science ideas with
each other and less time was dedicated to individual work or direct instruction. The second
theme appeared after the first year of PD, when the four teachers used more discourse moves that
increased the cognitive demand placed on students. Using interviews and surveys the authors
discovered that all four teachers valued the PD program and experiences. Teachers were able to
apply what they learned in their classrooms, and researchers observed changes in the teacher
discourse practices. Borko et al. (2021) stated, “our analyses of the teachers’ classroom lessons,
interviews, and surveys suggest that the changes in classroom discourse we observed were
associated with the teachers’ experiences in the PD program” (p. 581).
The research conducted by Osborne et al. (2019), Fishman et al. (2017), and Borko et al.
(2021) added to the research regarding teacher professional development. The findings propelled
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the field forward by identifying that this form of teacher professional development (PD) led to
improved teacher and student discourse practices. Surprisingly all three study findings
discovered that the practicum element had no significant difference in improving teacher
discourse practices. Osborne et al. (2019) found that the students in both Cohorts A and B
showed similar improvements between the pre- and post-test. Data showed that the teachers all
improved after the summer institute. All three studies found that over time teacher and student
discourse practices increased. The data suggested that the linking practice for teachers, and the
co-constructing and critiquing practices for students were the most challenging practices to
implement. Supporting the Fishman et al. (2017) findings, Osborne et al. (2019) also claimed
that the follow-up professional development days were more effective because they allowed
teachers to reflect on their practice in the context that they were being utilized. Osborne et al.
(2019) reasoned, "our project offers the field of PD an improved understanding of what is
entailed in situating teachers' learning in the practice of teaching, and insights about the
affordances and limitations of different contexts within which to situate teachers' learning" (p.
1102). The study adds to a growing body of research that suggests teachers have difficulty
shifting to a more dialogic form of pedagogy, and the authors advised that additional
professional learning opportunities may be warranted to help teachers enact lasting changes. The
studies conducted by Fishman et al. (2017), Osborne et al. (2019), and Borko et al. (2021) were
relevant to the current research because they suggested that targeted professional development
focused on implementing the write-converse-write strategy with teachers could provide teachers
with the information they need to successfully incorporate the strategy into their classrooms.
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Scientific Discourse and Argumentation
Scientific argumentation has shifted classroom instruction from the memorization of facts
to engagement with authentic scientific practices. Argumentation has been promoted by the
Common Core State Standards (CCSS), A Framework for K-12 Science Education (NRC, 2012),
and is the seventh SEP. The Framework (NRC, 2012) discussed that scientists identified
strengths and weaknesses in explanations through reasoning and argumentation. Scientific
investigations rely on argumentation to explain natural phenomena; the best explanations are
developed when discussing the evidence and data. Engineers participate in argumentation during
the design process. They use data to make arguments from evidence, defend their conclusions,
evaluate and critique others' ideas, and revise their designs to find the best solution.
Scientific discourse and argumentation have been recognized as an essential learning
practice for decades (Sandoval et al., 2019), however, it is rarely implemented in science
classrooms. Learning to teach science through argumentation requires shifting discourse
practices in the classrooms, with which teachers have had limited experiences (Erduran et al.,
2004; Gomez Zaccarelli et al., 2018; McNeill & Pimentel, 2010; Sandoval et al., 2019). Manz
(2015) discovered that written arguments were created to communicate procedures and the
interpretation of results. The author also argued that schools and laboratories are very different
settings governed by different norms, objectives, and goals. Regardless of the differences, Manz
(2015) reasoned that argumentation should be a common practice within the classroom
community governed by norms.
Manz (2015) conducted a literature review to understand how argumentation could be
developed as a scientific practice in the classroom. The review contributed to previous research
conducted by exploring argumentation as a discipline-specific target of instruction that
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contributed to students' scientific ways of thinking. The researcher analyzed two sets of literature
to identify how argumentation was related to both students' and scientists' systems of activity.
The first set of literature was a representative sample that framed argumentation to help K-12
students develop scientific knowledge and understanding. The second set investigated the
history, anthropology, and sociology of science to examine how it was embedded in the scientific
community.
The literature review revealed several critical findings. One finding was that a dominant
approach focused on argumentation as a tool by looking at the structures, processes, and content
related to it. This finding identified that previous studies had concentrated on the structural
frameworks related to argumentation; many used Toulmin's Argument Pattern (Erduran et al.,
2004; Osborne et al., 2004; Toulmin, 1958) to analyze the quality of students' arguments. Manz
(2015) discovered that some authors developed process-oriented frameworks to understand how
students engaged in argumentation. Studies have also attempted to categorize students'
arguments as scientific. This requires the content to be evaluated and judged according to the
discipline's norms requiring researchers to define what makes an argument scientific. Manz
(2015) reasoned that the researchers had not reached an agreement regarding what constituted a
scientific argument.
Criticisms related to teaching argument structures in the classroom appeared in the
literature. Some critics claimed that argument structures failed to capture the various forms of an
argument. When taught the structure of an argument, students did not necessarily understand that
argumentation was a knowledge-building practice essential to science, but instead viewed it as a
classroom activity to be completed. Manz (2015) explained that classroom environments must be
established so students experienced a need and purpose for argumentation. The author found that
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scientific modeling encouraged and promoted argumentation because as sense-making occurred
it was used to strengthen understanding. During argumentation, the processes of critiquing and
constructing a claim based on evidence with reasoning was used to explain phenomena.
Manz (2015) found that students faced several challenges regarding the structures,
processes, and content used in scientific argumentation. The literature review identified that
students could produce claims and often justify their claims; however, they often failed to
provide backing or reasoning that supported their claims. Additionally, students did not
automatically generate counterarguments or rebuttals; they often stuck to their position rather
than addressing weaknesses in their arguments. The author discovered that students did not enter
the classroom knowing the scientific norms for argumentation, which meant argumentation
components needed to be explicitly taught. Students should be supported with prompts or
reminders that include the parts and processes of an argument. Teachers needed to provide
scaffolding supports that helped students engage in argumentation; as students developed
proficiency and mastery, the supports should be faded out. Several strengths in utilizing
argumentation structures in the classroom were that they encouraged student interactions and
promoted elaboration.
Teachers must be aware of the influence that roles and norms have in the classroom
community to successfully implement argumentation (Chen et al., 2017; Manz, 2015; Zangori et
al., 2019). Additionally, students must become the classroom's epistemic authority (Gonzales &
McNeill, 2018; McNeill et al., 2017; Miller et al., 2018). When students were accountable to
each other they were more likely to provide reasoning and backing for their claims, particularly
when responding to questions or opposition from other students. Backing or reasoning was not
necessarily provided if the students agreed or shared a common understanding of the situation
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(Manz, 2015). The research showed that students were more successful with argumentation when
it was used to build and deepen their knowledge. One question that continues to remain is how to
develop a hybrid structure within the classroom that provides students with epistemic authority
and allows the teacher to hold students accountable to each other, their learning, and their
evidence. Ideally, classroom norms would be developed so that students hold each other
accountable. Manz (2015) maintained that the norms and social relations that make
argumentation meaningful for scientists should be replicated in the classroom learning
environment. The author clarified that it is essential to consider the aspects of the learning
environment necessary to create a culture of argumentation.
Faize et al. (2018) discussed the strength of argumentation in education, as well as ways
to improve the use of it in teaching and exploring solutions to problems. The paper provided
three primary contributions to the literature. First, the research described the issues related to
scientific argumentation in education and provided solutions or suggestions for the problems.
Second, the study provided a critical reflection on the use of scientific argumentation and
highlighted the need to develop new instructional models that scaffolded argumentation in
teaching. Third, the authors outlined key questions that required further research to promote
persuasive argumentation in the classroom.
One issue that Faize et al. (2018) discussed was whether students had the skills and
abilities required for engaging in scientific argumentation. The authors contended that school-age
children did not have the necessary skill set required for argumentation, acknowledging that this
claim contradicted previous findings (McNeill & Krajcik, 2007, 2008) that all students could
construct arguments. The authors claimed that students struggled when they were trying to locate
relevant data and support their claims with evidence. The researchers maintained that students
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needed to be immersed in a suitable project-based learning environment. Faize et al. (2018) felt
that students should be given clear instructions and information regarding a compelling
argument's structure and components. Students should also be encouraged to think and ask
thought-provoking or controversial questions that allowed for in-depth discussion.
The authors explained that this type of back and forth required a dialogic interactive
process between students and individuals. Faize et al. (2018) studied argumentation problems
from the student and scientist dimensions to identify if the types of arguments were similar or
different. One of their main findings was that scientists use argumentation to construct and
generate new knowledge, whereas students tended to uncover existing knowledge (Faize et al.,
2018; von Aufschnaiter et al., 2008).
Furthermore, scientists used argumentation to disseminate their experimental designs and
data interpretations to the public to be validated. Faize et al. (2018) argued that students did not
participate in experimental design, data interpretation, or public validation as a scientist does.
The authors explained that teachers could create classroom environments where students looked
at constructing knowledge like scientists, however, the traditional teacher-centered classroom
structure impeded this. The teacher-centered power dynamic within the classroom is a
complicated discussion. In their analysis of the literature, the researchers pointed out that one
study found more than 80% of students' arguments were incorrect, which required the teacher to
direct the argumentation towards the right information with minimum intervention. Teachers
struggled in facilitating an argumentation discussion due to a lack of training and limited
research, which could lead to confrontations and discipline problems within the classroom. Faize
et al. (2018) stated that further research was needed to identify the instructional strategies that led
to improved understanding, new knowledge discovery, and critical skills development in
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classrooms. They also stressed a need to develop and use new instructional approaches that
provided students opportunities to develop scientific argumentation skills.
Wei et al. (2018) synthesized the research on teacher discourse moves during discussions
focused on promoting high-level comprehension and created an integrated taxonomy of teacher
discourse moves. The authors defined high-level comprehension as discourse moves that
promoted critical-analytical thinking and reasoning. The study was conducted in three phases.
Phase one explored and identified descriptions of teacher discourse moves evident in the
literature that promoted high-level comprehension. Phase two focused on developing and
refining the teacher discourse taxonomy moves used through a card sorting task. Phase three
looked at the usability and feasibility of coding teacher discourse moves in real-life small-group
discussions. During phase one, a focused review of nine small-group discussions that promoted
high-level comprehension was conducted by identifying the discourse approach and locating two
representative empirical articles for the synthesis. The approach resulted in the selection of 18
peer-reviewed articles or doctoral dissertations, which focused on establishing discussion
approaches to promote high-level comprehension. The ability to make generalizations in the
secondary setting was limited because 16 of the studies focused on elementary students and the
grade levels ranged from first to eighth grade. Wei et al. (2018) found that teacher discourse
moves were generally presented in four different ways: a description of what the teacher did to
facilitate the discussions; a description of the teacher discourse moves recommended by the
researcher; a description of the teacher's roles in a discussion; and a description of each
instructional component. Phase one discovered that although different approaches used various
labels, teacher discourse moves were similar and evident across the studies. To synthesize the
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teacher discourse moves identified in phase one, phase two used a card sorting technique to
identify broader ideas and dimensions.
Phase two included 11 participants, seven doctoral students trained in coding small-group
classroom discourse, the coders, and four classroom teachers. Based on phase one's discourse
moves, 78 descriptions of teacher discourse moves were pulled from the literature review.
Similar descriptions were consolidated into a set of 28 teacher discourse moves. The 11
participants used the 28 consolidated descriptions and corresponding exemplar quotes for three
rounds of card sorting. The descriptions and quotes were refined after each round of card sorting
and prepared for the next round. The first round of card sorting was to verify that the quotes
represented the corresponding teacher discourse move description appropriately. The researchers
found nine of the 28 quotes failed to be grouped with their corresponding description 75% of the
time, so these descriptions were revised before the second cart sort. During the second round of
card sorting, the exemplar quotes and descriptions were printed on the same notecard. The goal
was for participants to sort the cards into categories and create a meaningful label for each
category. After the second card sort, the 28 descriptions were grouped into categories with a
broader label based on the category's descriptors. The purpose of the third round of card sorting
was to determine if a trained coder could use the teacher moves taxonomy to label the 28
descriptions of teacher discourse moves the same way the researchers did. After the third round
of card sorting, the labels and their definitions were refined again.
Phase three of the study conducted by Wei et al. (2018) examined the teacher's feasibility
to move taxonomy to code discourse moves in a classroom. Two discourse coders participated in
the coding activities in phase three. A set of 40 exemplar excerpts were used; during the first
round of coding, the discourse coder used the initial teacher moves taxonomy to code the
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excerpts and assigned each excerpt a label. The Cohen's kappa for interrater reliability was 0.671
for the first round of coding. Inconsistencies were centered around the label of participating. The
researchers determined that the best decision was to remove participating from the taxonomy,
which reduced the number of discourse moves in the taxonomy to 12. The second round of
coding was conducted by a coder who had not previously participated in phase two of the study
and coded the excerpts with the refined initial teacher moves taxonomy from round one. Cohen's
kappa for the second round of coding showed a high level of agreement with an interrater
reliability analysis of 0.838. At this point, Wei et al. (2018) determined that no refinements were
necessary.
The significance of the study conducted by Wei et al. (2018) was that it provided a
taxonomy of discourse moves teachers can utilize when facilitating discussions. Additionally, the
teacher moves taxonomy is a resource that teachers can use to selectively choose discourse
moves based on the goal they are attempting to fulfill through small-group discussions. Wei et al.
(2018) highlighted that future research could explore how students utilize discourse moves
because they observed that students mimicked their teacher's discourse moves. The finding that
students mimicked teachers' discourse moves is crucial for releasing epistemic control to
students.
Table 2
Integrated Teacher Talk Moves Taxonomy of Wei, Murphy, and Firetto
Type
Description
Backchanneling Demonstrated when the teacher shows students that they are actively
listening to students. This does not mean that the teacher wants to take
control or change the flow of the conversation.
Challenging
The teacher encourages the students to provide a justification for their
responses or to consider alternative viewpoints. The teacher is probing the
students' critical and analytical thinking, so they consider and compare
multiple perspectives.
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Checking

Making sure that students have a basic, literal understanding of the text. A
basic understanding of the text provides the foundation for high-level
comprehension to emerge through quality discussion.
Clarifying
The teacher encourages the students to provide a clearer response by asking
questions or helping the student state their position more clearly.
Debriefing
The teacher gives summarized comments on students' performance with
future goals, or feedback regarding their interactions and the quality of their
arguments during class discussions.
Instructing
Teachers provide explicit instruction on discussion skills, background
knowledge, or content. The instructing prepares students with essential
skills and knowledge they need to conduct productive discussions.
Marking
The teacher's attempt to draw attention to, or reinforce, specific aspects of a
student's discourse by specifically pointing it out. Explicitly pointing out the
type of discourse move that is valued draws other students' attention to the
type of discourse expected.
Modeling
The teacher exhibits an aspect of discourse that students are expected to use.
The teacher makes explicit what type of discourse is being modeled for
students.
Procedural
Procedural moves are evident when the teacher manages the flow and the
focus of the discussion. The teacher can manage turn-taking, direct students'
attention toward certain responses, invite other responses, and participate in
the discussion. The discussion is managed in a way that every student can
share ideas, participate, and engage with others in sense-making.
Prompting
The teacher's effort to help students construct an elaborate response and to
probe deep and meaningful thinking. The teacher may "nudge" the student
to generate a more thoughtful and elaborated response.
Reading
The teacher's reading of the text aloud to the students.
Summarizing
The teacher provides an overview of the discussion, helping to build
coherence for students during small group discussions. Summarizing
focuses on the content of students' discourse to fine-tune the ongoing
discussion such that meanings or themes being discussed are synthesized
and stressed. The summarizations could help students stay on topic and
reinforce important take-home messages.
Note. From “How can teachers facilitate productive small-group talk? An integrated taxonomy of
teacher discourse moves,” by L. Wei, P. K. Murphy, and C. M. Firetto, 2018, The Elementary
School Journal, 118(4), pp. 596-602 (https://doi.org/10.1086/697531).
Chen, Park, and Hand (2016) oversaw two studies related to the Science Writing
Heuristics (SWH) approach and how it impacted student argumentation. The SWH approach is
an immersive argument-based inquiry approach that includes five phases. The SWH approach
aimed to develop students' understanding of both argument and disciplinary ideas through social
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negotiation (Chen, Hand, & Park, 2016). Chen et al. (2017) stated that the ultimate goal of
argumentation was to advance student arguments and seek agreement by identifying deficiencies
and errors in those arguments. Chen, Hand, and Park (2016) conducted a study during phases I
and II of the SWH. In Phase I of the SWH approach, teachers explore students' prior knowledge
and work on writing data interpretations in small groups. A key aspect of Phase I is creating
meaning from data collected during an investigation. Students work together to create a claim
and identify evidence supporting their claim. During phase II, students publicly share their
arguments and receive feedback and critique from their peers. They are then able to use the
feedback from their peers to strengthen their argument. The Chen et al. (2017) study happened
during phase III of the SWH approach. Phase III was the public negotiation, or whole-class
discussion phase, where students presented and debated their group claims and evidence to
generate a whole class claim. Understanding the approach is critical because the research
questions were directly related to the conversations students had throughout phases I and II and
the teacher's role in facilitating the discussions in phase III.
The first study conducted by Chen, Hand, and Park (2016) had two research questions
and five key findings. Among the findings was that students' development of oral and written
argumentative practices were positively related. The first research question was, "How do 5thgrade students' practices of oral and written argumentation change over time and across contexts
in terms of epistemic understanding and social negotiation when using the SWH approach?"
(Chen, Hand, & Park, 2016, p. 279). The second research question asked if fifth-grade students
connected their oral argument skills to written argument skills, and why they would connect
them. The study was conducted over 16 weeks, allowing the researchers to examine how
students' development of an argument changed. The study examined the effect of the oral and
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written argumentations from both a social and epistemic view. Additionally, it looked at how
students connected their verbal argument skills to their written argument skills.
The mixed-methods case study took place in a fifth-grade classroom during two different
science units. Two science units were used to compare how students used arguments between the
two units, and if students' argumentation skills improved. The intermediate school containing
fourth-sixth grades was in the Midwest United States and served around 500 students, mostly of
European descent. The participating male teacher had 10 years of teaching experience, and
before the study, he had participated in a three-year professional development project focused on
implementing the SWH approach. The teacher was selected using a purposeful sampling
technique because he had incorporated the SWH approach in his classroom with fidelity. The
class was composed of 22 students that were not familiar with the structure of an argument and
had little experience debating ideas with their peers at the beginning of the study. Six target
students were selected to represent the class and be interviewed to help researchers understand
students' perceptions over time. The six students were chosen by looking at their gender (two
females, four males), past science achievement levels (two high achievement levels, four
medium achievement levels, zero low achievement levels), and the level of verbal participation
in class (three students were talkative, three students were quiet).
Data were collected from multiple sources, over time, to capture the development of
students' argument practices from the beginning to the end of the semester. Eleven video
recordings were used for classroom observations. Five of the recordings had complete rounds of
the whole-class discussion focusing on groups presenting their arguments. The first author
conducted classroom observations and recorded field notes during and immediately after each
visit and kept an extended reflection journal of the observations and the interviews. Students'
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group writings were collected before and after each round of whole-class discussion at eight
different points over the two units. The eight writings included five written group presentations
(35 group presentations total) and three summary writings (21 summary writings total). During
the summary writings, students were asked to summarize and reflect on their learning through
whole-class discussion. Three types of semi-structured interviews were conducted with the six
target students. Before each unit, the first interview was conducted to capture students'
perceptions of science learning, prior knowledge, current views of data, claim evidence, and
whole-class discussions. The second interview happened in combination with the whole-class
discussions and focused on the concepts students had learned, how they believed they learned the
concepts, and the reasons for their actions during the class discussion. The third interview
followed the end of each unit and centered on students' reflection of the entire process of
knowledge construction and the nature of the whole class discussion. The researchers conducted
a total of 66 interviews that lasted around 15 minutes each. Before and after each unit, the
teacher was interviewed for approximately 30 minutes. The teacher interviews focused on his
perspective of students' oral and written arguments and development of their argumentative skills
during the whole class discussion.
Qualitative and quantitative analysis methods were used to analyze the data. Qualitative
analysis methods were used to identify patterns in students' development of oral and written
argumentative practices from both social and epistemic aspects. Quantitative measures such as
frequency, standard deviation, chi-square goodness of fit, effect size, relative risk (RR), and the
Wilcoxon signed-rank test were used to capture thematic trends in argumentative practices that
developed. Classroom observations were analyzed by both the constant comparative method and
the enumerative approach. The 11 video recordings were transcribed, and each transcription was
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broken into individual utterances. The utterances were then coded with two different coding
schemes to analyze the social and epistemic aspects. Open coding was used to identify six
categories for critique and construction of ideas and social negotiation. The six categories that
emerged were: information seeking, elaborating, challenging, defending, supporting, and
rejecting. The same utterances were then coded based on the structure of an argument (question,
claim, and evidence) so that the others could explore the parts of an argument students were
negotiating. The first coding scheme was used to determine social negotiation, while the second
coding scheme was used to determine students' epistemic understanding of argumentation. To
establish reliability, two researchers independently coded each classroom observation. The
interrater reliability calculated via Cohen's Kappa was 0.78 for social negotiation and 0.8 for
epistemic understanding. All of the utterances were quantitatively analyzed first through an
enumerative approach. During the enumerative approach, the frequency of each code was
counted. A Chi-square (c2) goodness-of-fit analysis showed a significant statistical difference in
oral argument patterns over the five rounds of whole-class discussion. The effect size was
calculated for the whole-class discussion using relative risk (RR), where 1.0 showed no
difference between rounds, and a number greater than 1.0 showed positive gains. Both written
group arguments and summary arguments were analyzed with a rubric that focused on five
aspects of the written argument. Two independent raters scored all written arguments, with a
Cohen's Kappa inter-rater reliability of 0.85. After the writings were scored, a Wilcoxon signedrank test was conducted and showed non-significant results. The constant comparative method
was used to analyze interview data and the researcher's field notes to identify patterns.
Triangulation was used to compare and contrast patterns and themes that emerged from
observation data and written arguments.
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The study conducted by Chen, Hand, and Park (2016) indicated that students'
improvement of oral and written argumentative practices was positively related. The study had
five key findings. The first key finding was that as students became more involved in
argumentation practices of critique; they were more likely to challenge others' ideas, use
evidence to support their claims, and evaluate explanatory claims in terms of evidence. The c2
goodness-of-fit test confirmed statistically significant differences between each round of class
discussion. The effect size supported the author's field notes in showing that students were more
engaged, willing to articulate their claims and evidence while challenging other students'
arguments or provide suggestions. Over time students were able to critique each other's
arguments and work cooperatively to construct better scientific arguments. Chen, Hand, and Park
(2016) discovered that students moved from clarification and construction practices to the more
intricate practices of challenging, rebutting, and elaborating throughout the semester.
The second salient feature in the study was that students focused on the coherence and
quality of evidence when challenging each other's arguments. Students increasingly challenged
the test procedures other students used and the accuracy of their claims. Gradually, students
challenge shifted away from accuracy and the relationship between the claim, question, and
evidence. Students were challenging the coherence of the arguments being made. At the end of
the semester, students focused on the quality of evidence used to support the claim. The
researchers explained that it took a great deal of time, 16 weeks, but students made significant
shifts during that time.
The third key finding was that students used evidence to defend, support, and reject
arguments during whole-class discussions. Over time, students became more aware of the
significance of evidence and reasoning had when they shared their ideas. Students started using
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sketches to represent their arguments and showed a willingness to revise their original ideas. The
fourth finding revealed that the quality of students' writing continually improved over time. The
arguments improved first in the accuracy of the claim, followed by the relationships between the
elements of an argument (claim, evidence, reasoning), and finally, the quality of evidence
improved. The fifth finding was that students' oral argument and written argument skills were
connected along with the idea that students' participation in whole-class discussions improved
the quality of their written arguments.
The quality of the written argument and connection between the oral and written
arguments appeared to be related to two factors. First, as students participated in whole-class
discussions focused on group presentations of their arguments; they understood what counted as
data, claims, and evidence. The whole class discussions helped foster student improvement in
both oral and written argumentation practices. The second factor was that students began to
realize how beneficial peer critique could be. Students started accepting peer critiques and
revising their arguments when the peer critiques were evidence-based with sound reasoning.
There were several limitations in the study conducted by Chen, Hand, and Park (2016).
The results cannot be applied to individual students and other instructional contexts due to the
analytical methodology that focused on utilizing the SWH approach and whole-class discussions.
Only one-third of the students were interviewed, so student interview data was not representative
of the entire class. Since the study compared the quality of whole-class discussion across
different rounds, mediating factors could have impacted the results. The sample size was small,
and most of the students were of European descent with moderate socioeconomic status in a rural
town, so the results cannot be generalized because of the limited context. The authors called for
future research with substantial sample sizes, diverse content, collaboration from multiple
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perspectives of argumentation, and different contexts to substantiate their claims. They explained
that future research needs to be expanded to more diverse groups, including students with limited
native language proficiency. Future analysis could trace how individual students learn from their
engagement in argumentation practices. The study provides the framework and grounds for a
much larger-scale experimental design.
The research by Chen, Hand, and Park (2016) is significant for multiple reasons. The
study showed that oral discussions alongside written arguments are positively related. Students
constructed and deepened their knowledge by utilizing talk and writing during the whole class
discussions. Chen, Hand, and Park (2016) argued that "talk alone was insufficient for the
argument to be made and required the context of written products to enhance and support the
totality of the argument" (p. 314). The research showed that students continuously developed
their argumentation skills over time. The study indicated that students could simultaneously learn
science content and the skills of argumentation. Students were willing to revise their writing and
arguments following evidence-based discussion and critique from their peers.
Chen et al. (2017) investigated the roles teachers adopted as they scaffolded dialogic
interaction through questioning and its impact on students' cognitive responses for
argumentation. The multiple-case study explored the roles of questions that developed as
elementary teachers implemented an argument-based inquiry approach over four years and how
the changes in teachers' roles related to student cognitive engagement in argumentation. The
study was part of a four year professional development project to implement the Science Writing
Heuristic (SWH) approach. The authors described the different roles teachers played that
impacted student learning when they asked different types of questions. Teachers struggled to
develop diverse and multiple roles of questioning and asking high-quality questions that
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established argumentative discourse and fostered students' conceptual understanding and
cognitive thinking. Developing the multiple roles of questioning for argumentation can be
challenging and take time.
There were 31 elementary teachers and 750 students across six school districts who
participated in the four year implementation cycle. The implementation cycle's professional
development took place during 10 days of summer workshop and 3 days of school year
workshops. The summer workshop focused on introducing the SWH approach and connecting it
to the standards, embedding the practices in the SWH approach, aligning learning theory and
content knowledge to teachers' understanding, and developing the pedagogical skills necessary to
implement the SWH approach. The school year workshops centered on teachers' sharing their
challenges and success with implementing the SWH approach, supporting teachers in reflecting
on their implementation through recorded video lessons, and assisting teachers in revising their
SWH lessons and designing plans. By the end of the third year, most of the teachers participating
had fully implemented the SWH approach in all of their science units.
The Chen et al. (2017) study had two research questions:
(1) What roles do early elementary teachers adopt in argumentative discourse, especially
in a whole-class discussion, when they use questioning as a tool to engage students in
cognitive responses over the course of 4 years? (2) What are the relationships between
the roles teachers adopt and students’ cognitive responses? (p. 375).
The researchers narrowed the 31 teachers down to three teacher participants due to the study's
focus and purpose. The three teachers were selected based on the following criteria: they taught
second and third grade (early elementary); they had no prior experience implementing argumentbased inquiry; they had taught science for at least 20 years before participating in the project;
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they had completed data sources that enabled the researchers to trace their changes over the four
years. The three participants taught in two schools in a rural Midwestern town in the United
States. The two schools had very little ethnic diversity as they were 97% to 98% White,
respectively.
The majority of the data was collected through video-recorded lessons. The three teachers
recorded 30 science lessons during the third phase of the SWH approach when they engaged
students in public negotiation about claims and evidence. Each recording was between 25-45
minutes long and focused on the whole class discussion after students had completed their small
group discussions and presented their written claims and evidence. The data were analyzed using
two different approaches: a constant comparative method and the enumerative approach. During
the constant comparative analysis, all 30 whole class discussions were transcribed and broken
into individual utterances. The utterances were defined as any idea contributing to the discussion.
Researchers developed a coding scheme to document changes in teacher roles of questioning and
student responses to analyze classroom observations. Five graduate students established a coding
system, including nine codes to analyze teacher talk and questions. The nine codes (lecture,
guide, recognize, compare, integrate, challenge, elicit, exchange, and encourage) were
categorized into overarching categories. The teacher questioning roles were based on the
ownership of the ideas in discussion and the ownership of activities. Figure 1 is the framework
for teacher roles of questioning from the ownership of ideas and activities that Chen et al. (2017)
presented.
Student cognitive responses were coded using a second coding system. The codes for the
cognitive responses were categorized using Bloom's taxonomy. The enumerative approach was
used to quantify verbal data to capture patterns that emerged from the coding schemes, in
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addition to reducing the subjective nature of qualitative interpretations and quantify the data. The
enumerative approach allowed researchers to document statistical changes in teacher roles'
patterns for questioning and student cognitive responses for each year of the study.
A key finding from the study was that teachers increasingly used multiple roles when
establishing argumentative discourse over the four years. During the first year of the study,
teachers were primarily dispensers of information. The dispenser role was gradually replaced as
teachers developed the roles of moderator and coach. Chen et al. (2017) found that teacher roles
shifted over time from roles that focused on controlling the ownership of ideas and activities
towards roles that promoted student epistemic agency. A chi-square goodness-of-fit test
confirmed that the pattern of differences was statistically significant over the four years. The
authors suggested that an essential component of teacher professional development should
include studying the different roles teachers play in establishing dialogic interaction in
argumentation. Teachers should be provided with ongoing training and systematic support in
order to integrate multiple questioning strategies.
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Figure 1
The Framework for Teacher Roles of Questioning from Chen et al.

Note. From “Teacher Roles of Questioning in Early Elementary Science Classrooms: A
Framework Promoting Student Cognitive Complexities in Argumentation,” by Y. Chen, B.
Hand, and L. Norton-Meier, 2017, Research in Science Education, 47(2), p. 384,
(https://doi.org/10.1007/s11165-015-9506-6)
The findings were significant because Chen et al. (2017) found that as teachers adopted
multiple roles in framing dialogic interactions, the students' cognitive responses changed. When
teachers were in the dispenser role, students' responses focused on retrieving vocabulary and
providing short answers, primarily low-level responses. As the teachers shifted to the moderator,
coach, and participant role, students' responses became longer to defend, challenge, synthesize,
and articulate claims and evidence. The data showed that students responded with higher
cognition levels when teachers were in the moderator, coach, or participant roles. The chi-square
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goodness-of-fit showed a statistical change between the teacher roles of questioning and the
patterns of students' cognitive responses. Chen et al. (2017) rationalized that as teachers used
multiple roles, students cognitive thinking and argumentative discourse increased. The study
findings indicated that teachers' various roles for questioning increased student ownership of
learning and their cognitive responses. The researchers suggested that teachers use multiple roles
for questioning to increase student engagement, cognition, and ownership of ideas. Future
research is needed to determine the most appropriate time and context to use the different roles
within an argumentative environment to advance student conceptual understanding. The study is
significant because it provides empirical evidence supporting emerging theories on the value of
using diverse roles for questioning during argumentation discussions.
The results accentuated that the development of different roles to support student
argumentation takes an incredible amount of time, as this is a change in teacher pedagogical
approach and not a simple matter of developing a new skill or knowledge. This finding supported
other research (Chen et al., 2017; Fishman et al., 2017; Kilinc et al., 2017; Marco-Bujosa et al.,
2017; Osborne et al., 2013; Osborne et al., 2019) that has established it takes time before
significant shifts in teachers' questioning pedagogy are observed. The authors called for
additional research to analyze the various question roles and refine professional development
programs to make them more feasible for teachers. Chen et al. (2017) stressed that more needs to
be learned about supporting teachers to take on different questioning roles. The study supported
other findings that have determined it is difficult for teachers to play a participant's role, even
though the participant role promoted higher-order cognition by encouraging students to engage
in self-evaluation and student ownership.
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Requiring Students to Become Epistemic Agents
Implementation of the NGSS will require a shifting of power within the classroom. The
NGSS will require students to become epistemic agents of their learning. When discussing
students’ epistemic agency, many authors (e.g., González‐Howard, & McNeill, 2020; Kawasaki
& Sandoval, 2019; Zangori & Pinnow, 2019) refer to a study conducted by Stroupe (2014),
which examined how teachers and students negotiated epistemic agency in order to learn science
as a practice. Stroupe (2014) argued that for students to engage in science practices, such as
argumentation, they would need to take on a new role as epistemic agents. Epistemic agents are
defined as “individuals or groups who take, or are granted, responsibility for shaping the
knowledge and practice of a community” (p. 488). A challenge in shifting the epistemic agency
to students is that past science instruction has positioned the teacher as the sole instructional
authority within the classroom.
Stroupe (2014) conducted a qualitative multi-case study of five first year teachers which
focused on identifying how teachers and students negotiated science ideas in the classroom and
how value was assigned to science ideas. Findings were drawn from observations of the
participants' classrooms: one observation in October, an entire unit of instruction somewhere
between January to April, and one observation in May or June. Additional data were collected
from two semi-structured interviews between the researcher and the participants. The author was
interested in who determined if an idea was valuable or meaningful during classroom science
discussions. The study also looked at whether science was framed as a “public” or a “private”
practice within the classroom. Finally, Stroupe (2014) analyzed how and why teachers and
students’ participation evolved in the classroom community as they negotiated science ideas and
framed whether science was a “public” or “private” practice. The researcher found that

89

participants in the classroom played a fundamental role in giving value to science ideas over
time. A key finding was that teachers used their instructional authority and discursive moves to
give students epistemic agency and show value for their ideas, or to judge students’ ideas as
“right” or “wrong.” A fascinating outcome of the study identified that students used similar
discursive moves to their teacher when working on science ideas. The researcher found that in
three of the classrooms, the science ideas were malleable and could be reworked over time by
anyone. These three teachers treated science ideas as resources for the community’s science
work toward building sense-making. The three teachers intentionally redistributed cognitive
authority to students, which allowed students to be epistemic agents in the classroom. Allowing
students to become epistemic agents within the classroom enabled them to engage in science-aspractice. In two of the classrooms, science ideas only pertained to conceptual features of science
and were framed as “right” or “wrong” by the teacher. The value was assigned to the ideas by the
discursive moves teachers used to encourage or discourage student participation.
Stroupe (2014) identified four aspects of science practice communities that positioned
students as epistemic agents in the study. The lenses of cognitive authority and “who knows”
(Stroupe, 2014, p. 493) from the science, technology, and society (STS) and history and
philosophy of science (HPS) literature helped identify why students had opportunities to learn as
epistemic agents in three of the classrooms.
Teachers trusted the students to give them cognitive authority; when this was done, the
students were able to take on the role of an epistemic agent. As epistemic agents, students were
able to discuss science ideas even when the teacher was not present (i.e., small group
discussion). Once the teachers saw that students were trustworthy, they began trusting students’
ideas more frequently. These teachers also positioned science as a public practice. The key to
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presenting science as a public practice was that all students’ ideas were important, and over time
the science work in the classroom was student driven. Stroupe (2014) stressed the importance of
“embracing ‘the mangle of practice’” (p. 512). When the cognitive authority was given to
students, teachers were required to make on the spot decisions that, at times, changed entire units
of instruction to encompass students' ideas. This contrasted greatly from the classrooms where
teachers presented science as a linear process and knowledge was fixed. When science was
presented as a linear process, the value was placed on efficiency and task completion, rather than
on students’ scientific reasoning. Stroupe (2014) justified that in order for students to become the
epistemic agents in the classroom, power and the treatment of knowledge would be required to
change. He stated, “To undermine this power difference means that teachers and students,
together, dismantle an entrenched message of conservative science instruction and larger
American society…” (p. 513). To fulfill the vision of the NGSS, teachers would have to support
students in becoming the epistemic agents within the science classroom community.
In a conceptual analysis, Miller et al. (2018) explored the potential of the NGSS and the
issues related to students as epistemic agents within the classroom. The authors identified that
epistemic agency required assigning students’ responsibility for their learning. This is a shift for
educators who are used to giving information and students who have been receivers of
information. Teachers will have to identify ways to allow students to make choices related to
their knowledge construction and assist students in evaluating their understanding. The authors
clarified that students needed to have the agency to set their own learning goals, decide how they
were going to meet those goals, and establish when they had been met. The researchers
explained that shifting student’s role within the classroom is a complicated task.

91

Miller et al. (2018) identified four opportunities that positioned students to act with
epistemic agency. First, by providing opportunities that solicited and built on student knowledge
as a resource for learning, teachers are allowing students to act with epistemic agency. Second,
asking students to engage in the science practices, construct knowledge, question, and
communicate their understanding positions students to act with epistemic authority. Miller et al.
(2018) clarified that when participating in these activities, students were using their scientific
knowledge to develop shared understanding. The authors highlighted that creating this type of
learning environment is complex, and often educators lack examples and evidence to share what
this looks like in practice. Building on this idea, the third opportunity for promoting epistemic
agency was to prioritize the development of knowledge that is useful and meaningful to students.
Students should be provided opportunities to "figure out" answers to their questions. Finally,
teachers provide students opportunities to become epistemic agents within classrooms when they
allow and position students to be the change agents. Miller et al. (2018) identified tensions and
contradictions when each of the four opportunities were presented in the classroom. The authors
argued that without addressing the contradictions and questions the NGSS would be
implemented with teachers and students maintaining their traditional classroom, which would
prevent students from acting with epistemic agency. The authors explained that this work was
important because, as a field, we needed to address the complexities surrounding epistemic
agency within the classroom.
Additionally, Miller et al. (2018) identified four levels of structure that could complicate
implementation efforts and lead to a complacent adoption of the NGSS. First, they discussed the
power structure within the classroom. Teachers have traditionally been the sole content and
pedagogical authority within the classroom; the authors explained, “We know that the historic
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gulfs of epistemic power are deeply entrenched in classroom systems” (Miller et al., 2018, p. 16).
Second, when students enter the classroom, they do not have the same or equal epistemic
positions with each other. Minoritized students are consistently treated as if they know less,
where other students are seen as the knowers of information. Miller et al. (2018) argued that "the
differential positions of students will remain if the complacent approaches to epistemic agency
we documented here are enacted" (p. 17). Some students will systematically be left out of
science reform efforts if science educators do not turn classroom communities into learning
communities where all students have value and are supported by each other. The third structure
recognized that our values of epistemic agency are situated in a broader historical system of
schooling. Science educators will be required to work within this broader historical system as
they enact science education reforms. Finally, Miller et al. (2018) explained that there is a fixed
understanding regarding the definition of “science” within society and the field of education. The
authors argued that unless we recognize and articulate what we take as science, we cannot
provide opportunities for students to become epistemic agents. The researchers explained,
“Inequity in whose knowledge counts in classrooms, while played out at the interactional level,
is embedded in larger, historical systems that locate power in particular individuals, ideas, and
ways of knowing” (Miller et al., 2018, p. 18). In order to implement the NGSS, educators will
have to develop an understanding surrounding systemic oppression and how to remove systemic
oppression from classroom learning environments to enable students to become epistemic agents.
A study by Kawasaki and Sandoval (2019) established that the way a teacher initially
framed the lesson either engaged students as epistemic agents involved in the science practices or
provided the teacher with the epistemic agency. The study analyzed how a seventh-grade teacher
(single teacher case-study) promoted productive engagement by having students solve real
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problems and giving students the authority to find solutions. The researchers sought to identify
how the teacher’s instruction supported students’ epistemic agency and engagement of the SEP
and to identify the challenges involved in implementing the NGSS. The study was part of a
three-year professional development project that was aimed at helping teachers shift their
practices towards alignment with the NGSS and to promote productive disciplinary engagement.
Kawasaki and Sandoval’s (2019) case study involved one of the 25 teachers who
participated in the three-year professional development program. Each year the 25 teachers
attended a 3-day summer institute to experience science investigations developed by facilitators
who modeled the strategies teachers would be implementing the following school year. During
the school year, teachers worked in grade-level subject matter teams in the fall and spring to look
at lesson activities and units. The facilitators led teachers through activities as they worked in
content groups to plan NGSS aligned lessons. Kawasaki and Sandoval (2019) conducted the
study during the third lesson study cycle in the fall of the second year. The teacher agreed to be
observed and recorded 14 50-minute lessons of a unit within her classroom. An observer took
field notes during each lesson, and the first author coded a small subset of the data. The research
team reached a consensus regarding the definitions and coding. Then the first author proceeded
to code the remaining videos. The researchers focused on three characteristics within each
lesson: 1) how did the teacher frame the purpose of the lesson for the students, 2) who had the
epistemic agency during the lesson, 3) were students engaged in science practices like scientists,
or was the engagement more traditional to school? The findings identified that when the teacher
framed the activity around an anchoring phenomenon, the students had the epistemic authority
within the classroom. However, when the activity was framed as a task for students to complete
or understand, the epistemic agency remained with the teacher. Additionally, when the teacher
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evaluated students’ responses and corrected students during group discussions, students’
epistemic agency not only diminished, but the teacher shifted the epistemic agency away from
the students and back to herself.
The authors discussed the challenges teachers faced in adjusting their teaching styles by
looking at the four principles of productive disciplinary engagement. The researchers looked at
how the science content was problematized to motivate students. What they found was that the
anchoring phenomena, a car crash or collision into a wall, was motivating and problematized.
The goal was for students to create individual models of the forces and then develop a final class
consensus model. Unfortunately, the teacher often presented disciplinary concepts in isolation.
Kawasaki and Sandoval (2019) explained, “She explicitly framed modeling lessons as about the
collision but did not frame lessons aimed at building key conceptual ideas either in relation to the
collision or to prior upcoming activities” (p. 917). Students were given epistemic agency as they
built their models and worked to figure out something related to their models to explain the
phenomena. When the concepts of the unit were taught in isolation and not problematized,
students were in the position of receiving information.
Another key finding was that when students struggled to articulate their ideas, the teacher
would often interject her ideas, taking back the authority in the classroom and evaluating student
responses as correct or incorrect. The framing of activities and switching of epistemic agency
between teacher and students prevented students from being held accountable to each other. This
also prevented students from developing their own knowledge. When the teacher asserted her
authority as the sole expert, she prevented students from struggling with disciplinary concepts
and ideas. The whole class discussions primarily placed the teacher in the position of explaining
concepts and their applications. These discussions often followed a typical triadic Initiation-
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Response-Evaluation (IRE) dialogue where students provided the teacher an answer, and the
teacher evaluated the answer as correct or incorrect. Triadic IRE dialogue has traditionally
dominated the classroom (Gomez-Zaccarelli et al., 2018; Lemke, 1990, Salloum & BouJaoude,
2019). Salloum and BouJaoude (2019) explained that several authors changed IRE to initiationresponse-feedback or follow-up (IRF) because it provided teachers a variety of ways to respond
to students. In triadic IRE or IRF discussions, the teacher always has the epistemic authority.
Usually, the student is speaking directly to the teacher, and not conversing or discussing with
other students. Kawasaki and Sandoval (2019) found that when the teacher was introducing new
science concepts, she used traditional triadic IRE dialog.
Although this study was limited to one individual teacher and cannot be used to make
generalizations or draw conclusions, it does provide some insight. The NGSS takes a massive
shift by requiring teachers to help and allow students to become epistemic agents in their
learning. This shift will require teachers to embrace a new approach that allows students to
master concepts by engaging in science practices. However, the authors identified two major
obstacles to this change. First, many teachers do not have real experience doing science and have
not experienced the scientific practices themselves. Second, there was a lack of trust from
participants who did not believe that students could build models or investigate problems if they
had not previously mastered the concepts. Kawasaki and Sandoval (2019) identified that perhaps
a model curriculum might have been helpful to show teachers sequences of the practices that
would help students develop their conceptual understanding of concepts. The results from this
study demonstrate the importance of helping teachers look at and plan how they are going to
frame activities, lessons, and concepts is a crucial aspect in promoting student epistemic agency.
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Gonzalez-Howard and McNeill (2019) explored the relationship between how teachers
framed an argumentation activity and student engagement. The scholars were interested in the
language teachers used when they framed the argumentation activity and how that impacted
student participation in the activity. The two-case method study compared and contrasted two
teachers’ framing of a science seminar for argumentation. The mixed-methods approach used
transcripts of the science seminars and teachers’ introductions to the activity. The transcripts
were then coded to determine how the two teachers framed the science seminar activity. Next,
the researchers conducted a social network analysis to examine student interactions during the
science seminar. Finally, they looked at how teachers’ framing aligned with students’
argumentation. When the authors were finished, they had detailed descriptions of both the
teachers’ framing and students’ engagement. The case studies revealed that even though both
teachers promoted social interactions between their students, they described different purposes
for these interactions, which resulted in different goals for the science seminar.
The first teacher emphasized individual student learning and explained that students
could learn from each other, which would then help revise their original argument. The second
teacher expressed that through the science seminar, students’ initial ideas would change because
classroom members would work together to develop a shared understanding of the concept. A
difference was noted between the classrooms in how students built on each other’s ideas during
the seminar. The authors explained that the difference came from how the activity was framed.
In the first classroom, students used language that focused on themselves and developing their
understanding. In the second classroom, students were working together in an attempt to resolve
and merge their different understandings. The students in the second classroom had a higher
level of engagement and built on each other’s ideas more frequently to develop a more in-depth,
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shared understanding of the scientific phenomena. Although the findings cannot be generalized,
due to the limited sample size and the analysis of a single science seminar, they are still relevant.
The relevance of the findings helps bring focus to the nuances of language when presenting a
task. A key aspect is realizing that student engagement and participation could potentially
increase when students are working together to build a shared understanding of scientific
phenomena. How teachers frame the goals for student engagement may impact the type of
dialogical interactions students have with each other. Intentional use of language will be
necessary for teachers when presenting the write-converse-write strategy to frame that activity in
a way that students are working together towards collective sense-making and a more in-depth
understanding of the science content.
Class Culture and Norms
A 2019 study by Zangori and Pinnow explored how a first-grade teacher positioned (from
positioning theory, the identities that students assumed, claimed, were assigned, and circulated
within the classroom) students during whole group discussions. Positioning theory comes from
the work of social psychologist Hollway (1984) and focuses on the social aspects of human
sensemaking. Positioning theory has evolved over the years by different social psychologists
(Bamberg 1997, 2003; Harré, 2012; Harré & Moghaddam, 2003; Harré et al., 2009; Potter &
Wetherell, 1987, 1988). The research conducted by Zangori and Pinnow (2019) is relevant
because it highlights how the norms teachers use during discussion either positioned students as
epistemic agents or passive participants during class discussions. Zangori and Pinnow (2019)
used the community of practice framework and continuum (Enyedy & Goldberg, 2004; Ford,
2008; Goos, 2004; Stroupe, 2014) along with positioning theory, to analyze how the teacher
positioned his students during whole-class discussions. The single-case study sought to answer
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two questions: “(a) How are class discussions shaped to address the SEP? and (b) How are
students positioned during these class discussions that address the SEP?” (Zangori & Pinnow,
2019, p. 3).
At the onset, it was apparent in this study that some students were viewed as
knowledgeable, and the teacher further developed their ideas, while other student’s ideas were
abbreviated or cut short (Zangori & Pinnow, 2019). The interactions started with students raising
their hands and the teacher selecting who had the right to speak. When listening to certain
students, the teacher did not interrupt them and restated their ideas for the whole class. During
another student’s turn, the teacher stopped the student twice, and after the second time, called on
a different student. Throughout these interactions, the power of the teacher unfolded within the
classroom. The teacher determined what counted as a worthy contribution to the whole class
discussion, organized the turn-taking, allowed some students to take a turn or inject into the
conversation without reprimand, but reprimanded others. The teacher elaborated on some
students’ ideas or allowed them to share at length while shutting other students down. The
researchers identified that classroom talk was primarily organized around an order of questions
that would lead to the right answer. Turn-taking was distributed by the teacher, and if students
were not able to give the “correct” answer, then they lost their turn. The authors argued that when
students lost their turn it signaled that they were incompetent in that moment.
The findings from the study highlighted that not everyone in the classroom was
positioned the same way. The discourse norms that the teacher used critically defined the
classroom community; the norms provided students with a sense of who could speak, when they
could speak, and gave value to specific students’ ideas. If the student could succinctly articulate
ideas that were connected to the content, then their contributions were given more credence than
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learners who struggled to present their ideas succinctly. Findings from the study emphasized that
science curriculum should support teachers as they build participant frameworks, assist in
discovering all students’ understandings, and position all learners for more in-depth scientific
knowledge. The authors called for professional learning opportunities that assisted teachers in
understanding the role of discourse and developing strategies that allowed all students to engage
in doing science. The study is relevant because it sheds light on the extent to which teachers
determine who holds epistemic authority within their classrooms through the classroom norms
and culture developed.
Teachers determine who has the epistemic authority within their classrooms through the
classroom culture they created and the talk moves they utilize. Michaels and O’Connor (2012)
defined talk moves as strategic moves teachers utilized to open classroom discussions, support
student participation, encourage explication and reasoning. Talk moves grew out of Michaels et
al. (2008) work on accountable talk, focusing on the specific teacher actions or moves that
promoted student discourse.
A case study conducted by Sandoval et al. (2019) demonstrated how talk moves could be
used to encourage student elaboration and justification of their thinking. They investigated,
“What are teachers doing when they promote sustained argumentation over time?” (Sandoval et
al., 2019, p. 2). The case study contrasted two elementary teachers as they taught the same sixweek unit at the beginning of the school year. The researchers chose this unit to identify how
classroom norms were established and negotiated. Sandoval et al. (2019) and the participants met
almost every week of the school year for two years and spent about two weeks each summer
planning. The study was conducted during part of a multi-year collaboration between university
researchers and teachers. Data came from videotaped lessons that focused on whole-class
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instruction. Each lesson was analyzed using interaction analysis methods, logged, and then
segments were examined to identify episodes of argumentation. Each argumentation episode was
then transcribed, and teacher utterances were coded to determine their function in discourse.
Sandoval et al. (2019) discovered that who held the epistemic authority varied drastically
between the two different classrooms.
In one classroom, students were given the epistemic authority; their focus was on creating
and building collective sense-making that required all the students to agree. In this classroom, the
teacher limited her role in the discussion and told students to address each other directly. The
teacher encouraged students to work together to solve the problems. In the second classroom, the
teacher maintained the epistemic authority, determining which students were allowed to share
their ideas, which ideas were worth expanding on, and which ideas were worthy of discussion. A
significant aspect of this classroom was that instead of speaking to each other, students spoke
directly to the teacher. The first teacher repeatedly reminded students to talk directly to each
other. Sandoval et al. (2019) highlighted that the contrast between the two teachers was not due
to their skills, but their classroom goals. The authors explained that to build a productive culture
for scientific argumentation, the first step is to frame the science activity as a way to build
collective sense-making and understanding of science concepts. Teachers must trust that students
can engage in productive conversations and building consensus. Although this case-study only
looked at two teachers’ enactment of argumentation, the findings are relevant to this research in
that the write-converse-write strategy is a way for students to build on the ideas of each other.
This study helps set the foundation that the researcher and participants will need to focus on to
ensure students are in a culture of argumentation that builds towards collective sense-making. A
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key goal for science teachers will be to release epistemic authority to students and build cultures
of social accountability, which will enable students to reach consensuses.
DeBarger et al. (2017) investigated the potential and conditions for using curriculum
adaptation to support science teaching and learning. The research centered on improving
supports for teachers in three key areas: (1) identifying and integrating students' ideas at the
beginning and end of an investigation; (2) developing a classroom culture for academically
productive talk; and (3) adjusting teaching to meet student needs. The researchers co-designed
curriculum adaptations with teachers and provided teachers with a facet-based approach to
asking and developing questions that elicited student thinking. The researchers and the teachers
collaborated to create two types of questions. The first type included diagnostic elicitation
questions to identify what students knew at the beginning of a lesson. The second type was
reflect-and-revise questions to check students' understanding at the end of an investigation. The
authors provided teachers with talk moves to use in discussions with students.
The talk moves were utilized to encourage students to explain their thinking, add to
earlier contributions from other students, provide reasons for their positions, and restate other
student's ideas in their own words. The talk moves were developed based on a body of research
to promote accountable, productive academic discourse in the classroom, to foster
communication, student participation and reasoning (Michaels et al., 2002; Michaels et al., 2008;
Michaels & O’Connor, 2012). DeBarger et al. (2017) inferred that integrating talk moves would
create a classroom culture that fostered student responsibility for advancing the understanding of
science concepts. The researchers worked with teachers to develop norms that articulated
expectations, embodied the scientific practices, and supported student learning. Four norms were

102

developed: (1) everyone participates, (2) support claims with evidence, (3) challenge ideas but
respect the person, and (4) revise and rethink often.
The quasi-experimental study included 19 teachers, 12 teachers who implemented the
adapted components to the curriculum, and seven teachers who participated in the comparison
group. The teachers in the experimental group participated in a three-day workshop co-led by
researchers and the teachers on the design team. While teaching the unit, the teachers
participated in a teleconference calls every two weeks, where they shared implementation
challenges and strategies. They also received feedback from researchers and the teachers who
participated in the design team. There were 577 student participants, 418 in the treatment group,
and 159 students in the comparison group. The study utilized two data sources: videotaped
classroom discussions and student pre- and post-learning assessments. The videotaped classroom
discussions were used to examine the impact on classroom practices. Analysis of the recorded
lessons focused on whole-class discussions and coding the talk moves the teachers utilized.
Concentrating on the talk moves teachers used allowed researchers to identify how the teacher's
invoked norms and created a culture of argumentation. Transcripts of each video were created
for coding. The research team developed initial definitions for the codes that were applied to a
subset of videos, and then the definitions were refined through discussions. Once the team was
satisfied with the code definitions, a coding guide was created and distributed amongst the four
different coders who then coded the remaining video segments.
The second data source was student learning assessments. DeBarger et al. (2017)
developed the assessments and then, through a pilot study, identified the most useful items for
the final study. Scoring guides were created for each of the constructed response questions,
refined, and the prompts were modified to ensure clarity. The researchers used item response
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theory (IRT) to guarantee that the items worked as intended for research purposes. Data from the
pilot study indicated that the assessments could differentiate between low and high proficiency
levels and effectively measured the impact instruction had on student learning. Information from
the pilot study was used to create two assessments; each assessment consisted of seven
constructed response questions and 12 multiple-choice items. Trained raters scored the
constructed response items and had an intra-class correlation coefficient (ICCAM) greater than
0.90 for both assessments.
DeBarger et al. (2017) conducted three data analyses, one for each of the research
questions. The results of the study focused on the implementation strategies teachers used and
the impact on student learning. The study identified that teachers in the study group invoked the
norms and used a wider variety of high-leverage talk moves than teachers in the comparison
group. Additionally, the findings showed that students in the treatment classroom outperformed
students in the comparison classroom. The researchers discovered that using norms correlated
with higher post-assessment scores. Students scored about four points higher on the postassessment when teachers explicitly invoked norms. Although the association between the gains
and use of high-leverage talk moves was positive, it was not statistically significant. When
supported with a program that helped teachers establish norms, ask well-designed questions, and
facilitate discussions, both teacher practice and student learning improved. Along with
demonstrating the value of adapting existing materials, the study identified professional
development as a critical component in the curriculum adaptation process.
The DeBarger et al. (2017) study had several limitations. First, data were missing from
classroom observations; the researchers did not collect data from all the teachers, and not all the
teachers provided the requested data. The study was limited to a single grade level. It did not
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include all the teachers in that grade level, which suggests that the study should be replicated at a
larger scale. The authors identified that it might be necessary to explore the conditions required
for curriculum adaptations to be successful and sustainable. The study is relevant to the research
in this dissertation because it shows that a relatively small but purposeful adaptation can increase
student learning and develop productive classroom discourse. The write-converse-write strategy
is a purposeful curriculum adaptation. Write-converse-write is meant to provide students with
thinking time, the opportunity to discuss their original ideas, elicit feedback from a peer, and the
chance to expand on their thinking.
Quality Talk (QT) is another discourse strategy often used in science classrooms. Murphy
(2018) coined the phrase Quality Talk (QT), based on social constructivism from Vygotsky’s
(1978) work and social cognitive theory from Bandura’s (1986) work. Vygotsky suggested that
talk was a critical aspect required for developing high-level comprehension. He rationalized that
when someone is required to explain, elaborate, and defend their position they have to integrate
and elaborate in new ways. Murphy (2018) explained that productive talk between peers and
teachers could lead to the type of development Vygotsky highlighted. A key aspect of QT is
helping students develop discourse skills that are related to asking questions, providing evidence
and reasoning, and challenging other’s ideas. Murphy (2018) expounded on Vygotsky’s (1978)
work further by explaining how scaffolded instruction should occur within a student’s zone of
proximal development (ZPD).
Quality Talk’s primary goal is to assist teachers in facilitating discussions that promote
students’ critical-analytical thinking and reasoning skills (Murphy, 2018; Murphy et al., 2016). It
aligns with the NGSS because it encourages students’ analysis and interpretation of data,
engagement in argumentation, and development and use of models. Quality Talk allows students
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to discuss scientific and technical information. Murphy and Firetto (2017) developed the Quality
Talk Science (QTs) model which follows the previous QT instructional framework but is focused
on science argumentation and discussions.
The instructional framework for QT has four parts. Teachers attend comprehensive
professional development and ongoing coaching sessions to learn how to implement the QT
framework in their classrooms. The instructional frame is the first part of the framework. Within
the instructional frame teachers and students have specific roles. One of the teacher’s roles is
identifying the texts, topics, and phenomena that students will read, analyze and discuss (Firetto
et al., 2019; Murphy, 2018; Murphy et al., 2018). The teacher provides a pre-discussion activity
so that students come to the discussion prepared to talk. Murphy and Firetto (2017)
recommended that students complete a “catalyst” worksheet to examine different claims and
evidence supporting those claims before the group discussion takes place. The strategy focused
on setting up small, heterogeneous groups of four to six students. At the beginning Murphy and
Firetto (2017) recommended that the teacher work one-on-one with each small group to facilitate
the discussion while the rest of the class completed an independent activity. The authors
recognized that this was more important with students in lower grades and may not be entirely
necessary for students at the secondary level. A critical aspect of the instructional frame is the
gradual release of control and responsibility to students. Murphy and Firetto (2017) emphasized
that students should take on the authority in the discussions. Firetto et al. (2019) explained that
during the PD teachers are provided with focus lessons to teach students about the types of
discourse used in the QT framework. This is an important part of the PD because the discourse
elements are the second part of the instructional framework.
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The third component of the QT model is teacher modeling and scaffolding. Wilkinson et
al. (2010) explained that this component developed out of professional development work with
teachers. The researchers realized that some teachers would benefit from having conversational
moves that would help them facilitate discussions. Murphy and Firetto (2017) clarified that QT
advocated five teacher moves: summarizing, modeling, marking, prompting, and challenging,
which are taught and discussed during the professional development workshop.
The final component of the QT instructional framework are the pedagogical principles.
The belief was that as teachers internalized the pedagogical beliefs, they would be adept at
facilitating dialogically rich, safe classroom discussions. Murphy and Firetto (2017) discussed
five pedagogical principles. First is the idea that language is a tool for thinking and inter-thinking
which embraces Vygotsky’s (1978, 1986) work related to sociocultural theory. Second is the
idea of normative discourse expectations and dialogic responsiveness by providing a set of
ground rules or norms for how students should participate in QT. The third pedagogical principle
focuses on teachers balancing responsiveness and structure to allow students the freedom to
make contributions and add to the discussion. Teacher content clarity is the fourth principle and
focuses on the importance for teachers to have strong content knowledge and understanding
before facilitating the discussion (Murphy & Firetto, 2017). The final pedagogical principle is for
teachers to embrace space and diversity within classroom discussions, recognizing that all
students bring unique contributions and perspectives to the discussion.
Murphy et al. (2018) conducted a yearlong study to investigate changes in student
discourse and comprehension while participating in the implementation of Quality Talk (QT).
The study included 35 student participants from two fourth-grade classrooms in one elementary
school in a city located in the Midwest at the beginning of the school year. The authors led a 2-
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day professional development workshop in September, followed by four additional half-day
workshops and a full-day workshop in January. Ongoing professional development included nine
discourse coaching sessions that took place monthly. Besides learning about Quality Talk,
teachers were also taught how to use research developed intervention materials in their
classrooms. The materials included two sets of mini-lessons, one that taught students how to
generate authentic questions and a second that taught students how to respond using
argumentation elements. The mini lessons included a lesson plan, presentation slides, and
practice activities, which were video recorded. Literacy journals for pre and post discussion
activities were also included to help students utilize the QT model. Teachers led small-group
discussions weekly throughout the school year from mid-September through mid-May.
In total, 25 discussions were conducted in each classroom after the baseline data
collection were completed. Video recordings and data were only completed for 14 of the
discussions. Coders then identified teacher-initiated and students-initiated discourse elements to
identify the changes in students' critical-analytical thinking. Four rounds of discourse element
coding were completed on the data. The first round of coding looked at identifying question
events and categorizing them as teacher-initiated or student-initiated. Then secondary codes were
applied to the question events, classifying them as test questions and authentic questions. Third,
coders looked at the students' responses within the question events to see if individual students
elaborated explanations or co-constructed exploratory talk instances. Finally, the teachers'
responses were coded by the type of discourse move used.
The two coders achieved interrater reliability exceeding 90%. A high-level
comprehension measure was determined after students discussed each text using a rubric to score
students' writing. Wilkinson et al. (2010) defined a high-level comprehension as critical,
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reflective thinking around the text. High-level comprehension required students to engage in
higher-order thinking, elaborating, and making inferences. In the Murphy et al. (2018) study,
students earned points based on the quality of their argument, counterargument, and rebuttal. The
writing responses were then independently scored by two raters, which had an interrater
reliability average of 76%. Murphy et al. (2018) found that over time teachers' use of test
questions sharply decreased.
Meanwhile, the use of authentic questions was modeled more frequently, while teachers
gradually faded their engagement over time, allowing students to take control of the
conversation. The second finding showed that students' use of authentic questions decreased as
they switched to elaborating on others' responses. The authors highlighted their most important
finding was that student comprehension scores increased by an average point gain of 2.1 points.
There was also an increase in students' written comprehension scores. Positive growth trends
were documented for all three research questions.
The study had some limitations. First, the study lacked a control group and was small.
Additionally, this was a single-group, time-series study, so the findings were specific to a
particular school in a particular context. The assessments were specific to the curriculum being
used at the school, and there was not any randomization of texts across time to control for
variations in students' prior knowledge or interests. Murphy et al. (2018) stated that causal
statements could not be made because of the design, and comparisons within the study were
longitudinal and not comparative. The researchers explained that discourse coding was
conducted at the group level, but the comprehension was assessed at the student level. Therefore,
they could not statistically delineate a relationship between discourse indicators and students'
performance on comprehension measures.
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The research conducted by Murphy et al. (2018) is relevant because it provided evidence
that small-group instruction, explicit instruction, scaffolding, and the fading of teacher discourse
moves promoted high-level comprehension. The authors provided evidence that QT can help
develop students' critical-analytical thinking skills, epistemic cognition, and higher
comprehension levels. Murphy et al. (2018) provided support for future research identifying the
relationship between a type of critical-analytical talk that enriches student discourse and
comprehension. The researchers offered evidence showing that QT is one method that can be
used for supporting discourse and could be used to develop students' critical-analytical thinking,
epistemic cognition, and comprehension.
Literacy and the NGSS
Although argumentation has been the subject of many studies, using writing and talking
together as tools to improve cognitive understanding has seldom been investigated. Chen Park,
and Hand (2016) built off their previous study by looking at the synergistic use of talk and
writing to improve student knowledge development. The authors rationalized that there is a
paucity of empirical evidence related to how talk and writing impact knowledge development.
The evidence is significantly lacking in the areas of constructing and critiquing scientific
arguments. Chen, Park, and Hand (2016) examined how different talk and writing patterns
influenced students' knowledge development. Their study also looked at the different cognitive
patterns associated with each combination of talk and writing. The study analyzed four patterns:
talk only, writing only, use of talk and writing in sequence, and talk along with writing
simultaneously. Looking at the use of talk and writing together was necessary because the
authors explained that argumentation studies have primarily examined talk and writing in
isolation from each other. The author's work is critical to the current research because it
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established a link between student conversations and improvement in writing and science
knowledge.
The study by Chen, Park, and Hand (2016) took place in a fifth-grade classroom in the
Midwestern United States. The teacher had 10 years of experience at the time of the study and
had been involved in a professional development program to implement the Science Writing
Heuristic (SWH) approach the three years before the study. The researchers purposefully
selected the teacher because he had a high implementation level of the SWH approach, utilizing
talk and writing. Science was taught to 22 students for 50 minutes every day. All students spoke
English as their first language and two had individualized education plans (IEP).
Chen, Park, and Hand (2016) conducted the study over 16 weeks, during which two
science units, an ecosystem unit and a human body systems unit were taught. The units were
based on the National Science Education Standards (NSES) and the Benchmarks for Science
Literacy. Students had previously experienced lecture-based science instruction and were
unfamiliar with argument-based inquiry activities. Their teacher nominated three target students
based on two criteria: previous science achievement levels and verbal participation during
whole-class discussions. The researchers had hoped to have one high-achieving, one mediumachieving, and one low-achieving student participant, but none of the low achieving students
agreed to be a part of the study. The target students consisted of one female and two male
students. Two of the target students had medium-achievement science levels, and one student
had a high-achievement level in science, based on their teachers from the previous year. Based
on the frequency of utterances, they contributed to whole-class discussions in an hour, two of the
students were talkative, and one of the students was quiet. All students were randomly assigned
to small groups to conduct investigations, so the three target students interacted with various
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peers during the different investigations. Multiple data collection methods were employed,
including non-participant observations, semi-structured interviews, student writing samples, and
the researcher's field notes.
Chen, Park, and Hand (2016) analyzed the data using an in-depth analysis of knowledge
development trajectories (KDT) and the constant comparative method to unpack the relationship
between time, writing, scientific knowledge development, and cognitive functions. There were
four stages associated with this analysis method. In the first stage, the two units were divided
into classes, and distinct learning activities were identified. Researchers did this by using field
notes and videotaped observations to create an overview of each unit. The classes were then
chronologically ordered and divided into segments. The second stage consisted of identifying the
events that took place within an activity. Chen, Park, and Hand (2016) identified 51 events over
the 16 weeks. Stage three involved synthesizing and organizing these events into core concepts
and then by each target student, which were used to produce knowledge development trajectories
(KDT) that revealed the student's conceptual understanding of the core concepts. The researchers
found 21 KDT for the three target students: seven for each student. They explained that this
analysis was mainly a data reduction process that helped uncover the students' pathways when
learning a specific concept. The final step involved analyzing the data related to each of the
KDTs by the constant comparative method. The authors clarified that each KDT was analyzed
by the knowledge the student developed and how construction and critique took place when the
student talked and wrote. Additionally, the KDTs were analyzed to identify whether the student
used talk, writing, or both to develop their scientific understanding.
The second research question, "What are the cognitive functions associated with the use
of talk and writing in each pattern in this classroom context that emphasized the interplay of
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construction and critique of arguments?" (Chen, Park, & Hand, 2016, p. 102), was answered
through a constant comparative method. First, 46 observations and student writing samples
related to their KDTs focused on the three target students' talk and writing and their interactions
with other students to understand their cognitive processes. Open-coding was used, and the two
raters had interrater reliability of 81% for coding student observations and 92% when coding
student writing samples. Fifteen different codes emerged, which were then classified according
to Bloom's taxonomy. Triangulation was completed using the same codes to analyze the
interview data and field notes and then comparing the results with the observations and writing
samples.
Data from the studies identified that student knowledge development increased when
they spoke and wrote synergistically. Chen, Park, and Hand (2016) found that as students had
more opportunities to engage argument-based inquiry, they used different combinations of talk
and writing to increase their understanding. The students' KDT's showed that they increasingly
used talk and writing together over the 16 weeks. Students tended to employ higher cognitive
functions when students spoke and wrote together than when used separately. The researchers
noticed that when students used both simultaneously, they more frequently engaged in audience
awareness and used multiple representations and analogical reasoning modes. For instance, in
their small groups, students used talk and writing to visualize their models and challenge each
other's thinking. The students elaborated on their science concepts by drawing pictorial
representations to communicate their ideas and explain their thinking. Talking with each other
about their representations helped students develop a more sophisticated understanding because
they discussed the flaws in their arguments and identified strengths in other students' arguments.
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Over time their critiques became more evidence-based, promoting higher quality talk and
writing.
Three significant features emerged in the Chen, Park and Hand (2016) study. First,
students started to use talk and writing simultaneously to increase their understanding and
critique scientific arguments. Second, as they practiced, students became more skilled at
critiquing arguments and providing peer to peer feedback. Third, when students used talk and
writing simultaneously, their cognitive functions became more complex and moved up Bloom's
taxonomy towards knowledge synthesis. Overall, the data suggested a positive correlation
between students' simultaneous use of talk and writing to improve science understanding and
higher-order thinking.
By the end of the 16 weeks, students shifted how they spoke and wrote to engage in more
in-depth conversations as they constructed and critiqued knowledge. Researchers emphasized
that this shift took time and required them to understand that they had epistemic agency within
the science classroom. Chen, Park and Hand (2016) emphasized that when students were given
power in the classroom, they engaged more fully with language and argumentation. For students
to shift to using language as a tool, they had to have epistemic agency in the classroom. Once
students became comfortable with their roles as epistemic agents, they began critiquing each
other. This shift took time because of the multiple cognitive demands both talk and writing place
on students. The researchers argued that it took students 16 weeks to develop and engage the
multiple complex cognitive demands of simultaneously using talk and writing. To help students
develop these cognitive demands, teachers play a critical role in scaffolding student participation
and developing classroom norms that support argumentation.
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The Chen, Park and Hand (2016) study provided a foundation for the current research. In
the study's limitations, the authors identified that their study was limited to three target students
in a fifth-grade classroom. The researchers acknowledged that the study results are substantial,
but the results cannot be generalized because of the limited sample size and lack of diversity.
Similar findings to the Chen, Park and Hand (2016) study were identified in a literature
review by Prain and Hand (2016). The researchers argued that writing accommodates diverse
learners, enables learners to develop domain-specific literacy, and is a valuable resource for
student learning. Drawing on both past and current research, the authors argued that writing is a
meaningful epistemological tool that supports multimodal learning. The authors explained that
when students write in a disciplinary subject, they learn to engage with different purposes,
methods, and communication types specific to that subject area. They concluded, "writing is a
key resource for explaining, elaborating on, and integrating meanings within and across other
modes" (Prain & Hand, 2016, p. 433). From a cognitivist perspective, writing enabled personal
growth, creative self-reflection, and the refinement of ideas. Through an emerging text, a writer
recognizes new ideas, connects to previous knowledge, and generates a new understanding.
Writing allows learners to develop causal relations. Students plan, organize, and identify their
thoughts and feelings as they make meaning through writing. Prain and Hand (2016) explained,
"learners can sequence, clarify, extend, judge, enact, inspect, revise, and reflect on their own and
others' ideas" (p. 431), further claiming that writing is a sense-making resource. Guiding writing
in the content areas can promote metacognition. The literature review conducted by Prain and
Hand (2016) viewed writing as a central, but not the only source that enhanced student learning.
Huerta and Garza (2019) investigated how writing interventions affected students'
conceptual understanding and academic language. The researchers looked for the notable trends
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that appeared to exist in the writing interventions and literature from 1996 to 2006. Huerta and
Garza used five parameters for identifying articles and then conducted a quality screening, which
narrowed their sample size to thirty-one articles. They then created a matrix method to analyze
the articles. Similar to Prain and Hand (2016), Huerta and Garza (2019) claimed that writing-tolearn in science could increase students' scientific literacy, conceptual understanding, and use of
academic language. The authors explained that when writing was implemented with science
inquiry, conceptual understanding, and academic language increased. Supporting social
constructivism, write-to-learn interventions were most successful when students participated in
guided peer collaboration and were given feedback regarding their learning. Huerta and Garza
(2019) reiterated Prain and Hand's (2016) findings by highlighting that writing is one
instructional strategy that is part of the more extensive system that impacts student learning.
Their systematic literature review found that integrating writing in the science classroom
benefited all learners. Huerta and Garza (2019) clarified that academic achievement was higher
when activities had been purposefully planned and scaffolded with science inquiry activities.
Block (2020) sought to uncover whether sentence frames increased students' science
vocabulary comprehension to a greater degree than traditional textbook vocabulary instruction.
He was attempting to answer three questions:
•

To what degree does the use of sentence frames, compared with other activities
that do not offer extensive opportunities for comprehensible output, support the
mastery of new science vocabulary as measured using the words in writing?

•

To what degree is knowledge of receptive science vocabulary impacted by the
increase of comprehensible output via sentence frames?
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•

How does learning with sentence frames as a tool for comprehensible output
impact ELLs and former ELLs compared to initial English speakers (sometimes
referred to as non-ELLs)? (p. 458)

Block (2020) worked with three middle school science teachers at three different schools in
Southeast Los Angeles. The participating teachers taught in sixth-, seventh-, and eighth-grade
classrooms and included 75 students. The student sample population was urban, low income, and
about 91% were Latino. Although the study used nonrandomized groups, the research design
allowed the researcher to compare the same groups of students with themselves after the same
teachers implemented two different vocabulary instructional strategies. The comparison design
allowed the study to function as one but collect double the sample size. The researcher and
teachers choose ten essential vocabulary words using the standards, textbook, and reading
materials for each unit. Each grade level had ten vocabulary words for two units, resulting in
twenty vocabulary words. In the comparison approach, teachers taught one unit using sentence
frames and a second unit using traditional textbook vocabulary instruction.
Block (2020) worked with teachers to identify each unit's vocabulary words in the
sentence frame study. Once the vocabulary words were identified, sentence frames were
developed to provide specific vocabulary words. The sentence frames had two blank spaces for
students to fill; students were provided a word bank for one space and had to generate their
language for the second space. Students were encouraged to create multiple iterations for each
sentence frame to promote active processing. The researcher trained the teachers and students on
using the sentence frames, often by providing a sample lesson. Students' vocabulary growth was
assessed through a pretest and posttest. The 10 terms were tested in a cloze and matching test
that required students to use each word in both the cloze activity and the matching activity.
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Mastery of the vocabulary for expressive use was assessed through students' written responses to
writing prompts. The target words were given to students without the definitions and written
instructions and the writing prompt. The vocabulary was assessed based on a four-level rubric
for each word individually and then summed to produce an overall score.
Block (2020) found that the use of sentence frames for vocabulary instruction were
slightly advantageous, but not statistically significant over the use of textbook vocabulary
instructional measures. On the cloze and matching pretest and posttest quizzes, equivalent gains
were found using both instructional strategies. Block (2020) reasoned that the textbook strategy,
which required students to search for words and generate sentences overlapped with the sentence
frame strategy, which required them to process the words actively. Block suggested the effects
were not significantly different due to the overlapping nature of the two strategies. The author
expressed a need to identify instructional strategies and tools that supported student learning and
academic language use in science. A key strength of the study is that it is part of an effort to
provide an empirical foundation for meaningful curriculum and pedagogical choices in science
instruction. Block emphasized that the goal is to promote equitable access for all students,
particularly students from marginalized groups.
Block (2020) highlighted multiple gaps in the research to support academic language and
science vocabulary. He explained that sentence frames have not been adequately researched and
that replicating his study with a larger sample size could produce a greater salience in the
findings. The implementation of different types of sentence frames may have more significant
benefits (Block, 2020). The author explained that limitations in the current study included the
sample size and that teacher fidelity could not be guaranteed without videotaping teacher
instruction, which was not done in his study. Videotaping teacher instruction to guarantee
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fidelity could be another avenue for future research. Block pointed to the necessity to determine
how frames supported students in written or spoken scientific discourse. According to Block
(2020), future research should examine the long-term retention of science vocabulary taught.
Research in writing has highlighted that the task is framed around the topic, type,
purpose, audience, and text production (Hand, 2017). The concept is to frame the writing as a
learning activity with an emphasis on knowledge construction. To deepen and change scientific
understanding, students need to be given time to revise and reconstruct their thinking (Huerta &
Garza, 2019). When students combine talking, reading, and writing, their science understanding
and vocabulary increased (Bravo & Cervetti, 2014; Huerta & Garza, 2019; Prain & Hand, 2016).
Encouraging students to access multiple types of communication (speaking and writing) helps
students construct their knowledge and understanding. Huerta and Garza (2019) found that when
students engage in the science processes as individuals and a group, they engage in knowledge
construction, and writing-to-learn emphasizes writing as a tool to construct knowledge. They
also clarified that writing-to-learn content is different from the process of learning how to write.
Gaps in the Research
Multiple gaps in the research currently exist. Huerta and Garza (2019) explained that
research should look at how writing in science promotes both language and conceptual
understanding, particularly with ELL students. They stated, “more studies are needed to make
decisive claims regarding the connections between writing and learning” (Huerta & Garza, 2019,
p. 32). Drew et al. (2017) rationalized that there was a lack of evidence-based writing practices
used in science classroom writing and that follow-up studies are needed to identify discipline
specific writing interventions. The authors stated, “furthermore, it is recommended that examples
of how writing instruction can be embedded within science inquiry pedagogy be created and
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made available to teachers through publication and professional development” (Drew et atl,
2017, p. 953). Nawani et al. (2018) recommended scaffolding learners by having students
evaluate their pre- and post- instructional responses using rubrics. Nawani et al. (2018) suggested
that future research could ask students to give each other feedback on how to improve their post
instructional explanations. Similarly, Murphy et al. (2018) stated that there was a paucity of
research showing the relationship and changes evidenced between student discourse and
comprehension measures. Chen, Park, and Hand (2016) highlighted that few studies had
explored the impact simultaneous use of talk and writing had on student knowledge
development. Ryu and Sandoval (2015) called for research that looked at “the influence of social
and interpersonal factors on collaborative argumentation” (p. 336).
The results from a study conducted by Hsu et al. (2015) offered suggestions for further
research and system development with regard to argumentation and the constructing of
explanations. The authors called for research that looked at the mechanisms of structured
argumentation scaffolds to guide students to using warrants and strengthening their warrants.
Hsu et al. (2015) cited this as a necessity because they found that warrants were a key predictor
of skill in scientific argumentation. Henderson et al. (2018) highlighted that the benefits of
dialogic argumentation needed to be researched, particularly on how the demands of dialogic
argumentation affected ELLs. Findings from a study conducted by Gonzalez-Howard et al.
(2017) identified a need to develop supports for dialogic argumentation. The researchers justified
that their study did not look at how instructional strategies aligned with the quality of students’
argumentation. The authors stated “Lastly, our work points to the need for language supports that
make the rationale for argumentation explicit since such transparency could further increase
access for all students” (Gonzalez-Howard et al., 2017, p. 542). Chen, Hand, and Park (2016)
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discussed that research exploring the impact engagement in argumentation practices had on
student learning were necessary. This was supported when Wright et al. (2019) stated, “That is, it
is still not clear whether students’ ability to engage in scientific argumentation (as demonstrated
in their writing) correlates with their acquisition of science content knowledge” (p. 301).
How will this study fill the gap?
Traditionally science has been presented without argument or contest. For students to
engage in arguing from evidence, teachers must provide opportunities for students to interact in
scientific discourse. Students must be provided with opportunities to critique and evaluate other
students’ ideas. This study attempted to fill the gap in the research in several ways. The gap
between writing and learning was noted by several authors (Chen, Hand, & Park, 2016; Chen,
Park, & Hand, 2016; Drew et al., 2017; Huerta & Garza, 2019; Murphy et al., 2018; Wright et
al., 2019). This study collected empirical data attempting to draw a connection between student
discourse and conceptual learning. Nawani et al. (2018) suggested having students evaluate preand post-instructional responses using rubrics and give each other feedback to improve their
explanations. By having students write an initial sample, discuss with a peer, and then write a
final sample, student’s writing was scaffolded. Gaps related to scaffolding student explanations
were expressed by several researchers (Gonzalez-Howard, et al., 2017; Hsu et al., 2015). This
research study is an example of how writing instruction can be embedded in science, addresses
the lack of evidence-based writing practices (Drew et al., 2017) and provides teachers with a
strategy they could use in the classroom to encourage student writing.
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Chapter 3: Methodology
Philosophy, Justification, and Purpose of the Study
This study aimed to determine if a write-converse-write (WCW) strategy impacted
eighth-grade students’ science conceptual understanding, as evidenced by their writing. The
mixed-methods approach allowed for a deeper understanding of the strengths and weaknesses
related to implementing a WCW strategy. The convergent mixed-methods design collected
qualitative data from open ended response questions in the surveys, along with quantitative data
in the form of student writing scores and Likert scale response items from the surveys.
Qualitative and quantitative research provide different perspectives and have their own
limitations. Creswell and Plano Clark (2018) highlighted, "Mixed methods research provides a
way to harness the strengths that offset the weaknesses of both quantitative and qualitative
research" (p. 44). The advantage of a mixed-methods approach for this study was that student
pre- and post-writing scores could be paired with survey data to determine if student and
teacher’s perspectives regarding the process influenced their writing. The justification for using a
convergent mixed methods design was to address the impact the WCW strategy had on student
understanding through scoring writing samples (quantitative data), followed by collecting
qualitative results from surveys, to get a complete, in-depth view regarding the perceived impact
of the strategy.
The purpose of this mixed-methods case study was to explore whether the writeconverse-write (WCW) strategy changed students’ science conceptual understanding, as
evidenced by their writing, along with teacher and student perceptions regarding the influence of
the WCW strategy. There were two data collection points. The empirical data collected from
writing samples scored by teachers and the researcher were used to identify if student
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understanding changed through discourse with their peers. Survey data provided information
regarding student and teacher’s perceptions of the strategy.
Theoretical Frameworks
Learning as a Social Activity (Social Constructivism)
A crucial aspect of learning is engaging with others to make sense of the world. Children
learn science from a variety of sources such as talking to family or friends, engaging in hobbies,
watching television, and playing (Duschl et al., 2007; NRC, 2012). Both The Framework (NRC,
2012) and Taking Science to School (2007) acknowledged that children are born investigators
who are continually thinking about and making sense of the natural world. The Framework
(NRC, 2012) emphasized that students created and revised their knowledge as they engaged in
the science and engineering practices which directly link to the theory of constructivism. Piaget
(1929, 1954) found that children made sense of the world by connecting new information to prior
knowledge. The science education community refers to the concept of making sense of the world
as “sense-making” (NRC, 2012; Schwarz et al., 2017). During sense-making, students actively
engage with the world; they ask questions, test ideas, and refine their ideas with peers. Sensemaking extends scientific knowledge within science communities (Schwarz et al., 2017). As
children engage in science practices, they gather information, analyze the information, and
communicate their ideas with others. The importance placed on learning communities, the
scientific practices, and the development of knowledge is related to Vygotsky’s (1978, 1986)
work on social constructivism that learning is a social process.
The social constructivist framework builds on the well-known child-development
research conducted by Piaget (1929, 1954). Constructivists believe that people actively construct
their knowledge by linking information from prior experiences to current experiences (Lohmeier,
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2018; McLeod, 2018). Piaget (1929, 1954) studied children and their cognitive development. He
believed that humans construct their knowledge as they progressed through the four stages of
cognitive development in childhood (Lohmeier, 2018; McLeod, 2018; Ültanır, 2012). An
essential understanding coming from Piaget’s (1929, 1954) work is the concept of cognitive
readiness, which relates to Vygotsky’s zone of proximal development. Both cognitive readiness
and the zone of proximal development highlighted that ideas should not be taught until a child is
ready to learn and understand them (McLeod, 2018; Ültanır, 2012).
Piaget (1929, 1954) and constructivist theory have significantly impacted education.
Jennings et al. (2013) outlined four educational principles from Piaget’s theory, including
discovery learning, sensitivity to cognitive readiness, and the concept differentiation related to
the acceptance of individual differences. Piaget (1929, 1954) emphasized that children must be
allowed to create their own knowledge through the process of knowledge construction. Children
adapt their knowledge and adjust their perceptions through the processes of assimilation and
accommodation. Assimilation happens when a child is introduced to something new and
unknown but will attach it to background information or prior knowledge. Accommodation
occurs when a child is introduced to something new and has to modify their interpretation of the
world because the new information is contradictory or does not fit with their background
knowledge (Lohmeier, 2018). The processes of assimilation and accommodation take place as
learners are making sense of new information and testing their theories regarding the world.
Vygotsky (1978, 1986), Dewey (1933, 1998), and Piaget (1929, 1954) all agreed that learners
create their knowledge through experience, but Vygotsky (1978, 1986) and Dewey (1933, 1998)
emphasized the impact of social settings in knowledge development and learning.
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Social constructivists studied the impact social contexts had on learning when knowledge
is mutually constructed. Vygotsky (1978, 1986) and Dewey (1933, 1998) placed importance on
children’s own experiences and the impact those experiences had on their learning (McLeod,
2018; Ültanır, 2012). They accentuated that student’s prior knowledge should be utilized in
knowledge construction. Social constructivism focused on the collaborative nature of learning
and the impact of cultural and social contexts (Jennings et al., 2013). Social constructivists
believe that learning happens in a community. A key aspect of social constructivism is the role
the teacher and students have in the classroom. In social constructivism, students have epistemic
agency in the classroom, and the teacher acts as a facilitator. Lohmeier (2018) discussed the role
of the teacher as a guide, stating, “by guiding the discovery, the teacher can scaffold or start
where the student’s knowledge level is and build from that level of knowledge” (p. 3). The
learning environment should present students with authentic tasks in meaningful contexts that
require thoughtful reflection and collaboration.
Researchers studying classroom discourse and writing have utilized multiple theoretical
frameworks, however social constructivism is used most frequently (Firetto et al., 2019; Murphy
et al., 2017; Wilkinson & Tsai, 2011). Vygotsky’s (1978, 1986) social constructivist approach
has shown the benefits of peer collaboration in learning. Argumentation and debate enhance
students’ conceptual understanding and scientific reasoning (Fishman et al., 2017). Teachers
need to develop classroom environments that provide a range of activities and opportunities for
students to participate in scientific discourse (Firetto et al. 2019; Gomez Zaccarelli, et al., 2018;
Reznitskaya et al., 2007). Actively engaging students in social interactions that require scientific
discourse for sense-making is consistent with the vision presented in The Framework (2012).
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The social aspect of learning is emphasized in the science and engineering practices, which
require students to use discourse to create meaning and understanding.
Argumentation
Argumentation is a foundational practice because it provides opportunities for students to
participate in communities of practice and scientific discourse. Toulmin’s Argument Pattern, in
Figure 2, is often cited by argumentation researchers. Toulmin’s Argument Pattern accentuated
that social interactions are critical as students gather information, evaluate and analyze that
information, and then communicate what they have learned. Simon (2008) explained that
Toulmin’s Argument Pattern (TAP) showed the interconnection between the different parts of an
argument and how they worked together. Erduran et al. (2004) defined argumentation as a type
of discourse, during which claims are individually and collaboratively created and evaluated
using evidence. Their definition was critical for this study because it discussed the individual and
collaborative aspects of developing and defending claims.
Figure 2
Toulmin’s Argument Pattern
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Note. From “Learning To Teacher Argumentation: Research and Development in the Science
Classroom,” by S. Simon, S. Erduran, and J. Osborne, 2006, International Journal of Research
& Method in Education, 31(3), p. 230 (https:// doi.org/10.1080/09500690500336957).
When students participate in argumentation, they support their claims with evidence,
evaluate and critique alternatives, and resolve disagreements. The Framework (NRC, 2012)
reiterated that the most effective way for students to learn is through constructing and critiquing
arguments as students interact with each other. Argumentation is grounded in social
constructivism because students are refining their understanding of phenomena by socially
interacting with their peers. When argumentation is based on the core disciplinary ideas and used
for the collective sense-making of phenomena, it is more meaningful to students.
Studying natural phenomena inherently leads to scientific argumentation. Children are
curious about the world around them; this curiosity can be used to drive science learning (Duschl
et al., 2007; Moulding et al., 2015; NRC, 2012). As students ask questions, investigate, gather
information, and construct explanations for phenomena, they move from curiosity to reasoning
(Moulding et al., 2015). The Framework (NRC, 2012) highlighted, “The goal for students is to
construct logically coherent explanations of phenomena that incorporate their current
understanding of science, or a model that represents it, and are consistent with the available
evidence” (p. 52). Argumentation is essential for finding the strengths and weaknesses in
reasoning. Scientists defend their explanations using reasoning. They examine their
understanding based on comments and collaboration with their peers to develop the best
explanation for the phenomena that is being studied. Argumentation for collective sense-making
requires a community of practice.
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Classrooms as a Community of Practice
Classrooms need to be communities of practice because learning, as envisioned in The
Framework (NRC, 2012), is a social process that occurs when students interact with each other
and the environment. A classroom community of practice is composed of the students and the
teacher. The members work together collectively to achieve common goals; they share resources,
discuss ideas and work together to create meaningful explanations. Duschl et al. (2007)
acknowledged, “the central activity of scientists is argumentation in communities of practice for
the purpose of persuading colleagues of the validity of one’s own ideas and the ideas of others”
(p. 187). Sampson and Walker (2012) emphasized that learning is dependent on supportive
interactions with others in a classroom environment that values evidence and critical thinking.
The students in the classroom need to determine the validity of a scientific argument and develop
rigorous criteria for evaluating and critiquing them. In science, the ideas that have survived
critical examination are the ideas that have gained acceptance in the scientific community (NRC,
2012). In a community of practice, it is through scientific discourse and argumentation that the
best explanation for natural phenomena is developed and agreed upon by the community.
Research Design
This mixed-methods study aimed to ascertain if the write-converse-write (WCW) strategy
impacted science understanding as demonstrated in writing by eighth-grade students in rural
Northern California. The second goal of the study was to understand student and teacher
perceptions regarding the experience of the write-converse-write strategy (WCW). A convergent
mixed methods design was used to collect quantitative and qualitative data. The qualitative data
provided further insights regarding the quantitative results and created a more complete picture
regarding the impact of the WCW strategy (Creswell & Plano Clark, 2018).
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Crotty (1998) outlined four major elements in designing a study, which guided the
development of this research. The pragmatic philosophical worldview was the basis for this
study because both deductive and inductive thinking were employed; qualitative and quantitative
data was combined to determine the consequence of the WCW strategy. Creswell and Plano
Clark (2018) explained that the pragmatic worldview is pluralistic and concerned with real-world
practice and what works. The goal of this research was to identify if the WCW strategy worked
in a real-world classroom setting. The pragmatic philosophy is grounded in the belief that reality
and the world are not static, which applied to the current study because the student and teachers'
perceptions may change over time. The hypothesis was that student writing would change over
time as students interacted with their peers. Kaushik and Walsh (2019) clarified, "Pragmatists
generally agree that all knowledge in this world is socially constructed, but some versions of
those social constructions match individuals' experiences more than others" (p. 3). The social
constructs of the pragmatic philosophy connect to the social constructivist theoretical framework.
Claims cannot be wholly separated from beliefs, habits, and experiences—thus the need to
survey students and teachers. The study drew on the following theoretical frameworks: social
constructivism, argumentation, and classrooms as communities of practice. The mixed-methods
study collected data from several sources: student pre- and post-writing samples, student surveys,
and teacher surveys.
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Figure 3

The Researcher Met with Participating Teachers and Covered 3 Objectives
• Objective 1: Discussed the Scope of the Project
o Write-Converse-Write Procedure
• Objective 2: Identified the writing prompt used for the project.
• Objective 3: Discussed the CER rubric that was used for scoring

STEP THREE

and

Qualitative Strand
• Students took the student
survey
• Teachers took the teacher
survey after scoring student
writing samples.

Analysis Phase:
• The Teachers and Researcher used the rubric to score student’s first and
second pieces of writing.
• Student and teacher surveys were coded using MAXQDA

STEP FOUR

Quantitative Strand
• WCW Strategy was
Implemented
• Both student’s first and
second piece of writing were
scored.

Merge the results of quantitative and qualitative strands:
• Used qualitative results to reinforce and explain the quantitative data
• Looked for similarities and differences between teacher and student
perceptions regarding the impact of the strategy
• Looked for similarities and differences between student perceptions and
their writing scores

STEP FIVE

STEP TWO

STEP ONE

Multistage Mixed Methods Convergent Research Design

Interpret the merged results
• Summarized the results of each strand at each phase in the data collection
series
• Statistical analysis was conducted on the rubric scores
• Explained how the results related to each other or lead to a deeper
understanding of what the data found
• Included recommendations for further research
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Research Questions and Hypotheses
RQ1: Does academic conversational discourse impact student’s understanding of science
concepts as demonstrated in their scientific writing?
•

H10: Student writing and understanding in science will not change after conversing with a
peer.

•

H1A: Student writing and understanding in science will change after conversing with a
peer.

RQ2: Does the write-converse-write strategy impact student’s claim-evidence-reasoning writing
in science?
•

H20: Student’s claim-evidence-reasoning in science will not change after using a writeconverse-write strategy.
o H201: Student’s claim in science will not change after using a write-conversewrite strategy.
o H202: Student’s evidence in science will not change after using a write-conversewrite strategy.
o H203: Student’s reasoning in science will not change after using a write-conversewrite strategy.

•

H2A: Student’s claim-evidence-reasoning in science will change after the use of the
write-converse-write strategy.
o H2A1: Student’s claim in science will change from the use of the write-conversewrite strategy
o H2A2: Student’s evidence in science will change from the use of the writeconverse-write strategy

131

o H2A3: Student’s reasoning in science will change from the use of the writeconverse-write strategy
RQ3: What are student perceptions regarding the impact of the write-converse-write strategy on
their scientific understanding?
RQ4: What are teacher perceptions regarding the impact of the write-converse-write strategy on
student scientific understanding?
Variables
The study investigated several variables. The independent variable was the writeconverse-write strategy. The dependent variables were the student scores from the rubric on the
claim-evidence-reasoning section and their understanding of scientific concepts as evidenced by
their writing.
•

Claim, Evidence, and Reasoning Score: Teachers and the researcher provided scores
ranging from 1-4 on each of three writing qualities: the claim, the evidence provided, and
the reasoning used. The scores for each section of the rubric were compared for the preand post-test writing samples.

•

Student Understanding of the Content: Student understanding of the concept based on the
NGSS performance expectations (PE). Teachers and the researcher provided a score
ranging from 1-4 on the performance expectation as articulated in the rubric. An overall
science content score was obtained from the rubric score for the performance expectation
(PE) being measured. Scores ranged from 1-4. This score was computed for the pre- and
post-test writing samples.

•

Student Perceived Impact of the WCW Strategy: This was a single item that asked the
student how the WCW strategy impacted (influenced, effected) their understanding.
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Response options included: 1- no impact; 2- minor impact; 3- some impact; 4- moderate
impact; 5- major impact.
•

Student Perceived Impact of Peer Discussions: This was a single item that asked the
student if they learned more when they discuss ideas with their peers. Response options
were: 1- strongly disagree; 2- disagree; 3- neither agree nor disagree; 4- agree; 5- strongly
agree.

•

Student Perceived Impact of the Strategy: This was a single item that asked the student if
they believed the WCW strategy was helpful for learning. Response options ranged from:
1- strongly disagree; 2- disagree; 3- neither agree nor disagree; 4- agree; 5- strongly
agree.

•

Teacher Perceived Impact of the Strategy: This was a single item that asked the teacher
whether the WCW strategy had an impact on the students’ understanding. Response
options included: 1- negative impact; 2- minor impact; 3- neutral; 4- moderate impact; 5major impact.

•

Teacher Prior Experience with the WCW Strategy: This was a single dichotomous item;
the response options were yes or no.

•

Teacher Intent to Use the WCW Strategy in the Future: This was a single item that asked
the likelihood that the teacher would use the WCW strategy in their classroom in the
future. Response options included: 1- extremely unlikely; 2- unlikely; 3- neutral; 4likely; 5- extremely likely.
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Instruments, Measures, and Protocols
Scoring Rubric for Writing Samples
A rubric was adapted from the Boston Public Schools (n.d.) Science Explanation CER
Student Rubric, to score student writing for this research study. The purpose of the rubric was to
measure student's claims, evidence, reasoning, and content understanding. The constructs within
the rubric were designed to measure the performance expectation in the NGSS. The validity and
reliability of the rubric was determined through a field test and a pilot study. The rubric for the
field test can be found in Appendix A and for the pilot study can be found in Appendix B.
Three rubrics were used throughout the study. The rubrics were designed to assess
student understanding of the science concepts, as related to the NGSS performance expectations.
The standards or content section of the rubric was changed by the researcher after the writing
prompt was identified. The assessment boundaries and clarification statements presented in the
performance expectations (PE) of the NGSS were used when writing the rubric. The researcher
shared the rubric with teachers and asked for their feedback and thoughts. The first rubric in
Appendix A, which was used for the field test, was designed and used to assess student
understanding related to natural selection which is a seventh-grade standard. The second rubric
in Appendix B was designed and used for the pilot study. The pilot study rubric assessed
seventh-grade student understanding related to the effects of mutations. The third rubric was
used for the study; the content standard addressed MS-PS2-2 related to forces and Newton’s
Three Laws of Motions (Appendix C). The goal was for student’s claim-evidence-reasoning
(CER) to achieve proficiency or mastery level of the content standard. The content-specific
rubric was crucial because it provided student feedback focused on their scientific conceptual
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understanding. McNeill and Krajcik (2008) discussed that the specific rubric clearly identifies
the content knowledge students need to apply at each level.
Interrater agreement was computed via Fleiss’ multi-rater kappa (k) to examine the
proportion of agreement between the individual scorers over and above that of the chance of
agreement. Landis and Koch (1977) provided interpretation of kappa results. Values less than
0.00 have poor agreement, 0.00 to 0.20 have slight agreement, 0.21 to 0.41 have a fair
agreement, and 0.41 to 0.60 have moderate agreement, 0.61 to 0.80 have substantial agreement,
and 0.81 to 1.00 have almost perfect agreement.
For this study, interrater agreement was calculated in the field test for the claim-evidencereasoning paragraph explaining natural selection. Scorers used the rubric in Appendix A to score
the writing samples. Five of the seven raters completed scoring of the 15 samples. Interrater
agreement was then calculated for the five subscales of the rubric: Claims, Evidence, Reasoning,
MS-LS4-4, and MS-LS4-6. The Fleiss’ Kappa results for each section are pictured in Table 3.
Unfortunately, only fair agreement between the scorers was attained on the claims and reasoning
sections of the rubric. Slight agreement between the scorers was found on the evidence and
performance expectations of the rubric. The results from the field test demonstrated that the
scoring process of the rubric was ambiguous, and scorers had multiple interpretations regarding
how to score each element of the rubric.
Table 3
Interrater Reliability Results for Each Section of the Rubric from the Field Test
Section of the
Rubric
Claims
Evidence
Reasoning
Standard

Kappa
.301
.196
.242
.195

Explanation of the
Kappa
fair agreement
slight agreement
fair agreement
slight agreement
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95% Confidence Interval
Lower Bound Upper Bound
.203
.398
.106
.286
.145
.338
.095
.295

p
p <0.001
p <0.001
p <0.001
p <0.001

MS-LS4-4
Standard
MS-LS4-6

.188

slight agreement

.069

.307

p <0.001

Interrater agreement was calculated in the pilot test for the claim-evidence-reasoning and
standard MS-LS3-1 rubric. See Table 4. Scorers were asked to determine if a student’s writing
sample provided no evidence, was emerging, was developing, was proficient, or was advanced.
Two raters were chosen to rate each of the 49-50 (depending on item) student writing samples.
Interrater agreement was computed for five subscales: Claims, Evidence, Reasoning, and
Standard MS-LS3-1. Fleiss’ kappa showed:
Table 4
Interrater Reliability Results for Each Section of the Rubric from the seventh-grade Pilot Study

Section of the
Rubric
Pre-Test
Claims
Post-Test
Claims
Pre-Test
Evidence
Post-Test
Evidence
Pre-Test
Reasoning
Post-Test
Reasoning
Pre-Test Standard
MS-LS3-1
Post-Test Standard
MS-LS3-1

95% Confidence Interval
Lower Bound Upper Bound

Kappa

Explanation of the
Kappa

0.290

fair agreement

0.120

0.459

<0.001

0.243

fair agreement

0.080

0.407

0.004

0.421

moderate agreement

0.241

0.600

<0.001

0.372

fair agreement

0.193

0.551

<0.001

0.102

slight agreement

-0.070

0.274

0.245

0.097

slight agreement

-0.066

0.261

0.261

0.039

slight agreement

-0.155

0.233

0.694

-0.129

poor agreement

-0.304

0.045

0.146
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p

As seen in Table 5, interrater agreement for the WCW was calculated in for the claimevidence-reasoning and standard MS-LS3-1 rubric. Scorers were asked to determine if a
student’s writing sample provided no evidence, was emerging, was developing, was proficient,
or was advanced. Two raters were chosen to rate each of the 131 (depending on item) student
writing samples. Interrater agreement was computed for five subscales: Claims, Evidence,
Reasoning, and Standard MS-PS2-2. Fleiss’ kappa showed:
Table 5
Interrater Reliability Results for Each Section of the Rubric from the eighth-grade Study
Section of the
Rubric
Pre-Test
Claims
Post-Test
Claims
Pre-Test
Evidence
Post-Test
Evidence
Pre-Test
Reasoning
Post-Test
Reasoning
Pre-Test Standard
PS-MS2-2
Post-Test Standard
PS-MS2-2

Kappa

Explanation of the
Kappa

95% Confidence Interval

p

Lower Bound

Upper Bound

0.426

moderate agreement

0.291

0.560

0.001

0.584

moderate agreement

0.080

0.407

0.001

0.638

substantial agreement

0.517

0.758

0.001

0.697

substantial agreement

0.570

0.825

0.001

0.448

moderate agreement

0.350

0.546

0.001

0.519

moderate agreement

0.425

0.613

0.001

0.510

moderate agreement

0.391

0.629

0.001

0.493

moderate agreement

0.362

0.624

0.001

The Student Survey
The student survey was composed of six questions (see Appendix B). The first was a
Likert question asking the student to rate the degree of impact the WCW strategy had on their
understanding. The second question asked students if they learn more when they discuss their
ideas with their peers. The third question focused on whether students thought the WCW strategy
137

was helpful for their learning. Questions four and five asked about the specific feedback students
received from their partner and the feedback they provided their partner to build on their
understanding. The sixth question was open-ended asking students to describe how talking to
their peers after their first write impacted their second piece of writing. The survey was
distributed via Qualtrics. An advantage of the open-ended survey questions was that they
allowed “the research to obtain the language and words of participants” (Creswell, 2014, p. 191).
Students included their unique identification number at the beginning of the survey so their
responses could be matched with their writing samples. Limitations of the open-ended survey
questions were that not all students may be articulate or perceptive enough to write out their
complete thoughts and feelings regarding the strategy.
The Teacher Survey
The teacher survey was composed of nine questions and is included in Appendix C. The
first question asked if the WCW strategy impacted student understanding, as evidenced by their
writing. The second question asked teachers if they had used the WCW strategy previously in
their classroom. Questions three through nine were open-ended qualitative questions used to
understand teacher’s perceptions regarding the impact WCW strategy had on student
understanding. The third research question asked what part of the strategy teachers felt was the
most beneficial. Question four asked what they felt was the least beneficial aspect of the WCW
strategy. The fifth question asked if the strategy impacted student’s writing. Question six asked
what language supports were provided that helped students communicate. Question seven asked
what writing supports were provided that helped students with their scientific writing. The eighth
question asked teachers about their overall thoughts regarding the WCW strategy as an
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instructional tool, while the ninth question asked about the likelihood teachers would reuse the
strategy in their classrooms. The survey was administered through Qualtrics.
Sampling Design
The sampling a mixed-methods researcher utilizes (random or purposeful) is related to
the goals of the research. The current study tested a particular instructional strategy, the writeconverse-write strategy, to see if it impacted student’s scientific understanding as evidenced by
their writing. For this reason, the researcher used a purposeful sample of convenience
(nonprobability sample). Creswell (2014) confirmed that “in many experiments, however, only a
convenience sample is possible because the investigator must use naturally formed groups (e.g.,
a classroom, an organization, a family unit) or volunteers” (p. 186) even though it is the least
desirable method for sampling.
The target population for the study included the students and teachers in the eighth-grade
middle school science classes. The school site was comprised of sixth- through eighth-grade
students; the pilot study was conducted at the same site in two seventh-grade science classrooms.
The school population was approximately 600 students. The teachers and students were chosen
for this study because they were accessible to the researcher, and the district was willing to
participate in the study. The researcher recruited participants through email and face-to-face
conversations. The email sent to teachers, along with the teacher participation form is included in
Appendix F. Participating teachers sent letters (Appendix H) home with students explaining the
study and providing an opt out option for the survey (Appendix I). One student opted out of the
Pilot Study and one student from eighth-grade opted out of the study. None of the teachers opted
out of the study.
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Field Test
The rubric was designed by the researcher for the study. To determine the reliability and
validity of the constructs within the rubric, it was field-tested with a small group of teachers. The
participant sample consisted of seven teachers from a variety of backgrounds. One of the
participants was a fifth-grade teacher who had previously been the district science instructional
coach for four years, and before that a seventh-grade science and math teacher. The second
participant was a sixth-grade teacher who previously taught math and science and was teaching
English language arts and social studies. The third participant was a retired math science teacher
who taught sixth grade and seventh grade. Two English language arts and social studies teachers,
one from the seventh grade and one from the eighth grade, agreed to participate. An elementary
instructional coach who previously taught sixth-grade math and science also participated. The
teachers were provided copies of the rubric and 15 seventh-grade writing samples from a variety
of levels. Only five of the seven participants completed the scoring. They scored the writing
samples using the rubric (Appendix A) and returned the scored rubrics with feedback to the
researcher.
Pilot Test and Study Data
Participation was based on a sample of convenience, which included seventh-grade
teachers (n=2) and their students (n=96), along with three eighth-grade teachers and their
students (n=138). The researcher discussed the study and talked to all five teachers individually
after they had agreed to participate in the study. The researcher and seventh-grade teachers met
in March; in May the researcher and eighth-grade teachers met. When the researcher met with
the teachers, the presentation in Appendix M was discussed. After the meeting, an explanation of
the study (Appendix H) and an Opt-Out form (Appendix I) was sent home to parents/guardians
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through paper copies and teacher email communications. The description of the research and the
Opt-Out forms were translated in Spanish for Spanish-speaking families. Incentives were offered
to all teacher participants.
Pilot Study Data Collection
Seventh-grade teachers participated in the pilot study to catch errors with wording, item
format and to guarantee that administration and scoring proceeded smoothly. The seventh-grade
teachers, site instructional coach, and researcher met for one hour to discuss the purpose of the
study, the procedure for implementing the write-converse-write (WCW) strategy, to identify a
writing prompt, and for distribution of the survey. Both seventh-grade teachers had previously
implemented the WCW strategy in their classrooms and were familiar with the procedure. The
group agreed on the following writing prompt, “Is the HbS mutation helpful, harmful, or neutral
to humans?” The prompt addressed the Next Generation Science Standard (NGSS) MS-LS3-1
which focuses on genetic mutations.
Following revisions from the field test, the rubric, surveys, and strategy were pilot tested
at the seventh-grade level. All collection tools went through the pilot test to catch any errors with
wording, item format, and to ensure the administration and scoring processes ran smoothly. The
pilot test added evidence for face and content validity and the reliability of the instruments
developed (Fleiss’ Kappa previously reported in Table 4). Interrater reliability was computed to
assure agreement in the scoring of the teachers. The pilot test provided feedback to the researcher
regarding the overall research design, data collection procedures, and practice for the data
analysis. The pilot test was conducted at the same middle school in Northern California in two
science classrooms.
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All but one data collection tool went through a pilot test to catch errors with wording and
item format, and to ensure the administration and scoring processes ran smoothly. There were 92
students who provided writing samples. There were two raters and an arbitrator to score the
writing samples. Unfortunately, the pilot extended into the summer months and the raters were
not available to finish this component. Additionally, the students took a Qualtrics survey asking
questions about their perspective and experience with the WCW process. Teachers were asked to
take a Qualtrics survey to determine their perspective and experience with the WCW process;
however, neither started nor completed it.
The school district was in a hybrid learning module due to the COVID-19 pandemic
when the pilot study took place. During the hybrid learning schedule students were on a block
schedule. Students had odd classes two days a week, even classes two days a week, and all seven
class periods on Wednesdays. The school was on a modified schedule that changed several times
throughout the school year. When the pilot study took place, students were attending school in
three cohort groups. Cohort A students were in the classroom on Monday and Tuesday and
attended classes online through Google Meet Wednesday through Friday. Cohort B students
were at school on Thursday and Friday but attended virtually via Google Meet Monday through
Wednesday. Cohort C students were full-time distance learning and always attended classes
online via Google Meet. Classes on Wednesday were all virtual through Google Meet and only
thirty minutes long.
Teachers agreed to introduce the Sickle Cell Mutation during a virtual Wednesday class
period. Students were shown a 15-minute video from the Howard Hughes Medical Institution
titled Malaria and Sickle Cell Anemia. Following the video, students were given a short reading

142

from Teen Health and Britannica (Appendix N). At the end of the class period, some students
started to write their first writing sample.
During the next class period on Thursday or Friday, students worked on their first writing
sample. After having time to write, students were put into groups of three. Due to the hybrid
nature, the groups consisted of a student from each of the three Cohorts, but only the Cohort B
students were physically in the classroom. Once students were given their groups, they were sent
to Google Breakout Groups to discuss their writing samples. Both 7th-grade teachers provided
students with copies of the A/B Partner Protocol (Appendix J) from the Ambitious Science
Teaching program (Thompson, 2016). When students completed their group conversations, they
had the rest of the class period to write their second paragraph. The document (Appendix O) was
distributed along with the reading (Appendix N) through Google Classroom, the school district’s
Learning Management system.
The Pilot Test identified several issues that needed to be addressed before the 8th-grade
data collection took place. Due to time constraints the teacher professional development section
was cut to one hour and focused on implementing the strategy. Time was not available for
practice scoring and calibration of the rubric scores, which proved to be a major limitation at the
end of the study. Not calibrating the scoring using the rubric led to a significant limitation
because of the ambiguity and multiple interpretations teachers had during the scoring process.
Issuing the Unique Student Identification Numbers was problematic throughout the pilot
study. Students often forgot their number, so including it on the top of their document and then
in the survey was a challenge. Second, the students were asked to rename their documents using
their unique student identification numbers, which was complicated because they had not been
taught how to rename the document and were not all in the classroom for teachers to help
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individually. Third, one teacher’s class had with multiple students using the same numbers,
resulting in the removal of 14 samples. When the researcher met with the eighth-grade teachers,
the team discussed and determined how the student identification numbers would be
administered and used.
Other issues arose when giving the student and teacher surveys. First, since the seventhgraders were on a hybrid schedule with half of them in the classroom and the other half at home,
the teachers were managing many different components in their classrooms. Even with a short
class block (30 minutes) and a typical block (60 minutes), teachers and students did not have
sufficient time to implement the study with fidelity. Without enough time students did not take
the survey at the end of the second-class period. One teacher did not administer the surveys until
a week after the class had completed their second set of writing samples. In the second classroom
the teacher and students did not take the survey until the following week, which could be a
potential limitation because the conversations were no longer fresh in student’s minds. Both
teachers did not take the teacher survey.
Due to time constraints and the hybrid learning format, 46 students’ writing samples were
incomplete and could not be included in the pilot study. After removing the 14 samples with
duplicate student identification numbers, only 50 samples from the pilot study were analyzed.
The 50 writing samples were matched with survey responses, which resulted in the removal of
seven more samples because the students did not submit a survey. Ultimately, there were 43
student samples from the seventh-grade pilot study with both a completed writing sample and
survey.
Discrepancies in scoring were sent to a seventh-grade English Language Arts and Social
Studies teacher who agreed to be the arbitrator. For the pilot study the researcher sent the
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arbitrator a spreadsheet that highlighted the rubric sections with discrepant scores. The arbitrator
only provided a score for the sections that had discrepancies. Following the arbitrator’s scoring,
agreement was reached for 18 student samples. Over half (32 out of 50) of the samples had three
different scores for one or more sections of the rubric.
There were three categorical items in the student survey. The first asked how the WCW
strategy impacted their understanding of science. Of the 43 students who answered the question,
7% said it had no impact, 11.6% said it had a minor impact, 53.5% said it had some impact, and
27.9% said it had a moderate impact. With respect to their level of agreement on learning more
when they discuss ideas with their peers, 2.3% strongly disagreed, 4.7% disagreed, 18.6%
neither agreed nor disagreed, 58.1% agreed, and 16.3% agreed. Lastly, for the level of agreement
on the WCW strategy being helpful for them to learn, 4.7% disagreed, 39.5% neither agreed nor
disagreed, 53.5% agreed, and 2.3% strongly disagreed. Open-ended items were examined for
themes.
Study Data Collection
Numerous changes were made between the pilot study and study data collection. First,
the school district moved from a hybrid learning schedule to a five-day a week in person
schedule. Cohort C students still attended virtually, the school day was still a modified schedule,
but more students were physically present in the classroom. Second, issues that arose during the
pilot study were addressed with the eighth-grade teachers during a professional development
session. Moving from a hybrid learning schedule to a five-day a week schedule impacted the
study tremendously.
The instructional timing for the procedure was planned more purposefully so students and
teachers did not run out of time. The teachers introduced the writing prompt on a Wednesday
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during a 33-minute class period and provided students with two articles to read related to the
prompt. The prompt that the eighth-grade team chose was, “Which sport best uses all three of
Newton’s Laws?” Students were provided an article that discussed Newton’s Three Laws and
Baseball (Appendix P), followed by an article explaining Newton’s Three Laws and Volleyball
(Appendix Q). After reading the two articles, they had the remaining class time to work on their
first write (Appendix R), which was distributed via Google Classroom.
When teachers started classes on Thursday (odd classes) or Friday (even classes) they
explained the partner A/B protocol (Appendix J), and that all of student’s changes were going on
the second page of their document (Appendix R). Teachers paired students up in the classroom in
groups of two, students in Cohort C were paired up in a group of two or three and sent to Google
Breakout Rooms. The students then had time to discuss their first writing samples, the two
articles, and receive feedback on their writing. Next teachers directed students to the second page
of their student document (Appendix R), where they added to or rewrote their sample. The
eighth-grade teachers stopped students about 15 minutes before the end of the class period and
had students complete the student survey.
Collecting and Analyzing Student Writing Samples
Writing samples for the pilot study were shared with the researcher. The rubric was put
into Qualtrics to streamline the collection of scores in one location. One teacher scored the
samples directly through Qualtrics. The other teacher printed the samples, copied the rubric,
scored all the samples, and gave the paper copies to the researcher. The researcher then entered
the sample scores into Qualtrics.
The writing samples for the eighth-grade teachers were collected electronically. All
student files were named with a unique student identification number and identifying information
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was removed. The teachers sent the writing samples electronically by email to the researcher.
Two of the eighth-grade teachers preferred to score the samples on paper, so they printed the
samples, and made copies of the rubric.
Anticipating score discrepancies, the researcher set-up a meeting with the eighth-grade
arbitrator to discuss the study, procedure, rubric, and practice scoring a few of the samples.
There were 80 of the writing samples that had a score discrepancy between the researcher and
the 8th-grade teachers. The 80 samples were sent to the arbitrator for scoring. A meeting was
arranged with the arbitrator, three teachers, and researcher to discuss student writing samples that
still had score discrepancies after the arbitrator had finished scoring.
Collecting and Coding Survey Results
Teachers and students both completed a survey after the WCW strategy had been
implemented in the classroom. The surveys were distributed through Qualtrics. Responses were
then exported to a CVS file and imported to Excel for coding. The researcher and Ph.D. student
from the University of Minnesota conducted an initial round of inductive coding with 44
seventh-grade survey responses. After inductively coding the seventh-grade responses, the
researcher and secondary coder met to discuss and refine the initial code list. The researcher and
the second coder individually coded the eighth-grade survey responses. After they finished, they
met to discuss the codes and the findings.
Qualitative Analysis
There were two components to the qualitative analysis. The first was collecting
qualitative results from the student surveys based on their performance from the first write to the
second write. The second qualitative component involved the results from the teacher surveys.
The researcher and second coder read through the data to get a general sense of the information
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and overarching themes. Using open coding, the researcher and a second coder independently
read through all the open-ended survey responses in each group looking for themes or patterns
that emerged. The researcher and the second coder met to compare the patterns and themes that
they each identified. Next, the researcher and second coder developed broad categories and axial
coding, to classify and sort the patterns and themes that emerged in open coding. Finally,
selective coding was used to develop a story from the interconnection of the categories and
patterns that emerged previously. Creswell (2014) suggested using the most descriptive wording
for topics to develop categories.
Quantitative Analysis:
Descriptive statistics (e.g., mean, standard deviation, count, and percentages) were
computed on all variables of interest including the claim, evidence and reasoning outcome, the
performance expectations outcome, and the quantitative items on the teacher and student
surveys. Paired t-tests were conducted on the claim, evidence, and reasoning outcome (pre- and
post-test) and the performance expectation outcome (pre- and post-test) to determine if there was
any change in these scores from write one to Write Two. A p-value was used to show if the
difference between the scores was significant. For this study, a p-value equal to or less than 0.05
was considered statistically significant. The goal was to collect a larger sample to improve the
accuracy of the p-values and critical values for the t-test (Moore et al., 2017). SPSS statistical
software version 27 (IBM Corp, 2020) was used for all quantitative analyses.
Ethical Considerations
Numerous ethical practices were used throughout the study. Participant rights were
acknowledged; they were provided the purpose of the study, the study's goals, and a voluntary
consent form ahead of participating (Appendix E to I). Teachers were provided a consent form
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acknowledging their willingness to participate in the professional development, implementation
of classroom instructional strategy and survey (Appendix G). Students and parents were
provided a consent form with the option to opt out of the survey (Appendix I). Participants were
informed of their right to withdraw from the study at any time. Creswell and Guetterman (2019)
highlighted that “researchers need to actively look for ways to ‘give back’ (or reciprocate) to
participants in a study…” (p. 23). To respect participants' time, the data collection period was
open to allow teachers to determine the best timeline for implementing the strategy in their
classrooms during the unit. Participants were provided incentives after each data collection
round. The researcher provided each participant a favor voucher (i.e., offering to grade papers,
cover duty, provide classroom coverage, etc.) in return for participation.
To guarantee respect for the district, teachers, and students, the researcher received
permission from the relevant individuals to collect any data. The researcher received approval
from the Bethel University Institutional Review Board (IRB) and the doctoral committee
(Appendix L). The researcher worked with the Executive Director of Curriculum and Instruction
to ensure the project aligned with the district-wide goals. The school site administrator was
provided a letter with an overview of the study, asking permission for the study to be conducted
at their site. The Superintendent and Chief Learning Officer and Executive Director of
Curriculum and Instruction were each sent a letter and a formal district request to conduct
research. The district was sent a formal written proposal to conduct research adhering to the
School District Board Policy, Administrative Regulations, and California Education Code. The
teachers were asked and informed of their rights as voluntary participants. A letter was sent
home explaining the study to parents, guardians, and students with an opt out of the survey
option to students and their parents (Appendix H and I). The letter outlined the purpose of the
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study and explained how the information collected was to be used. This was a type of action
research regarding the WCW instructional strategy; students and parents were not provided the
option of opting out of the WCW strategy because it was a classroom instructional strategy.
Ethics was a primary consideration and a leading driver throughout the study. The
district, school, teachers, and students were not identified. No names were used. Each participant
was coded with a unique identifier that will be kept with collected data on the researcher's
personal home computer and destroyed after five years.
To guarantee anonymity, student writing samples and survey responses were labeled
using a unique coding system. An example of the coding system is
grade#teacher#classperiod#randomlyassignedstu#; for instance, document 7111 would be a 7thgrade student in Keller's 1st-period class; only the researcher and classroom teachers had access
to the coding scheme. Further anonymity was granted by randomly assigning a number to
students that was not related to their roster number or student ID. Only the student's teacher had
access to the unique student numbers. The student codes were used for pre- and post-writing
samples along with survey responses. Final analysis was reported out as a whole group, ensuring
anonymity. Students provided their unique student code when taking the survey so that student
pre- and post-writing scores could be connected to their survey responses. Only the researcher
and second coder had access to the survey responses; students were not identified at any point in
the results section or outside of the survey. Teachers were not given access to any individual
student survey data.
An additional ethical consideration was the relationship between the researchers and the
participants. Creswell and Guetterman (2019) highlighted, "The close relationship between the
researcher and participants means that data collection cannot be coercive" (p. 598). Effort was
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taken to ensure that there was not an imbalance of power. All participants were allowed to optout of the study without being penalized. Researcher bias was addressed by having multiple
gatekeepers within the district to ensure fair and ethical treatment of all participants and
nonparticipants. Data will be preserved in aggregate form to ensure anonymity and that no harm
is done to the students, staff, schools, or the district. The data was not broken down or
disseminated by classrooms because the purpose of the research is not to create competition
between individuals but to collectively work together to refine and improve upon an instructional
strategy to help students.
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Chapter 4: Results
The study was conducted in three eighth-grade classrooms to determine if a writeconverse-write (WCW) strategy impacted student’s claim-evidence-reasoning (CER) and science
conceptual understanding as evidenced by their writing.
Findings for Research Question One
Research question one (RQ1) was, does academic conversational discourse impact
student’s understanding of science concepts as demonstrated in their scientific writing?
•

H10: Student writing and understanding in science will not change after conversing with a
peer.

•

H1A: Student writing and understanding in science will change after conversing with a
peer.

As seen in Table 3, there were significant differences in student understanding between the
first and second student writing samples, after a conversing with another student [t(129) = 4.9,
p<0.001]. The second writing scores were significantly higher (2.2 vs. 1.9) than first writing
scores. The results support H1A that student writing and understanding in science will change
after conversing with a peer.
Table 3
Eighth-Grade Student Write-Converse-Write Scores for Standard MS-PS2-2
Standard

N
Mean
SD

First
Write
130
1.9
0.7

Second
Write
130
2.2
0.7

Mean
Difference
0.3

SD
0.7

95% CI
lower
0.2

95%
upper
0.4

t

df

p

4.9

129

<0.001

The results for research question one show that students’ understanding of the science
content increased from their first writing sample to their second writing sample.
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Findings for Research Question Two
RQ2: Does the write-converse-write strategy impact student’s claim-evidence-reasoning writing
in science?
•

H20: Student’s claim-evidence-reasoning in science will not change after using a writeconverse-write strategy.
o H201: Student’s claim in science will not change after using a write-conversewrite strategy.
o H202: Student’s evidence in science will not change after using a write-conversewrite strategy.
o H203: Student’s reasoning in science will not change after using a write-conversewrite strategy.

•

H2A: Student’s claim-evidence-reasoning in science will change after the use of the
write-converse-write strategy.
o H2A1: Student’s claim in science will change from the use of the write-conversewrite strategy
o H2A2: Student’s evidence in science will change from the use of the writeconverse-write strategy
o H2A3: Student’s reasoning in science will change from the use of the writeconverse-write strategy
As seen in Table 4, there were no significant differences between the first writing and

second writing scores for claims [t(129) = 1.9, p=0.061]. The second writing scores were slightly
higher (2.8 vs. 2.7) than the first writing scores but not statistically significant. There were
significant differences between the first writing scores and the second writing scores for
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evidence [t(129) = 4.1, p<0.001]. The second writing scores were significantly higher (2.6 vs.
2.4) than the first writing scores. There were significant differences between the first writing
scores and the second writing scores for reasoning [t(129) = 5.2, p<0.001]. The second writing
scores were significantly higher (1.7 vs. 1.3) than the first writing scores for the reasoning.
Table 4
Eighth-Grade Students’ Claim-Evidence-Reasoning Write-Converse-Write Scores
Claim

N
Mean
SD

First
Write

Second
Write

Mean
Difference

SD

95% CI
lower

95%
upper

t

df

p

130
2.7
0.7

130
2.8
0.6

0.1

0.6

0.0

0.2

1.9

129

0.061

Evidence

N
Mean
SD

First
Write

Second
Write

Mean
Difference

SD

95% CI
lower

95%
upper

t

df

p

130
2.4
0.7

130
2.6
0.7

0.2

0.7

0.1

0.4

4.1

129

<0.001

Reasoning

N
Mean
SD

First
Write

Second
Write

Mean
Difference

SD

95% CI
lower

95%
upper

t

df

p

130
1.3
1.0

130
1.6
1.1

0.4

0.8

0.2

0.5

5.2

129

<0.001

The results from research question two partially supported H2A that students claimevidence-reasoning in science will change after the use of the WCW strategy. However, there
was not a significant difference in the claim scores from the first writing sample to the second
writing sample. Due to the insignificant difference, sub hypothesis H201: Student’s claim in
science will not change after using a WCW strategy was accepted. Significant differences were
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observed in student’s evidence and reasoning scores. The significant difference in evidence
scores led to the acceptance of sub hypothesis H2A2: Student’s evidence in science will change
from the use of the WCW strategy. The evidence scores increased from the first writing sample
to the second writing sample by an average of 0.2. Likewise, the significant difference in
reasoning scores led to the acceptance of sub hypothesis H2A3: Student’s reasoning in science
will change from the use of the write-converse-write strategy.
Findings for Research Question Three
RQ3: What are student perceptions regarding the impact of the write-converse-write strategy on
their scientific understanding?
Descriptive statistics were run to examine the perceptions of the 130 students who
participated in the write-converse-write strategy process. As seen in Table 5, students were asked
how the WCW strategy impacted their understanding of science. Of the 121 who answered this
question, 15 (12.4%) indicated no impact, 17 (14.0%) a minor impact, 50 (41.3%) some impact,
36 (29.8%) a moderate impact, and three (2.5%) a major impact. Students were asked if they
agreed they learn more when they discuss their ideas with their peers. Of the 120 students who
answered the question, three (2.5%) strongly disagreed, five (4.2%) disagreed, 28 (23.3%)
neither agreed nor disagreed, 71 (59.2%) agreed, and 13 (10.8%) strongly agreed. Students were
also asked if they believed the WCW strategy was helpful for them to learn. Of the 122 students
who answered the question, 59% (n=72) agreed or strongly agreed that the strategy was helpful
for their learning. The student responses were: one (0.8%) strongly disagreed, four (3.3%)
disagreed, 45 (36.9%) neither agreed nor disagreed, 62 (50.8%) agreed, and 10 (8.2%) strongly
agreed.
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Table 5
Student Experiences of the Write-Converse-Write Strategy
How did the WCW strategy impact your understanding of
science?
Response
N
%
No impact
15
12.4
Minor impact
17
14.0
Some impact
50
41.3
Moderate impact
36
29.8
Major impact
3
2.5
Total
121
100.0
I learn more when I discuss ideas with my peers
Response
N
%
Strongly disagree
3
2.5
Disagree
5
4.2
Neither agree nor disagree
28
23.3
Agree
71
59.2
Strongly agree
13
10.8
Total
120
100.0
I believe the WCW strategy is helpful for us to learn
Response
N
%
Strongly disagree
1
0.8
Disagree
4
3.3
Neither agree nor disagree
45
36.9
Agree
62
50.8
Strongly agree
10
8.2
Total
122
100.0
The student survey included several open-ended questions to gather information
regarding student perceptions regarding the strategy. Students were asked, “What specific
feedback did your partner give you that built on your understanding?” When coding the survey
results most of the feedback students received was related to improving their writing. Improving
writing feedback focused on grammar (6), transitions (5), mechanics (3), and spelling (3).
Several students described feedback stating they needed to add quotes (6) or author (1) citations
from the article. Following is a list of sample students responses:
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•

A partner told me to add an author’s name on my paragraph.

•

My partner told me to break up my single paragraph into multiple paragraphs to have my
writing make more sense and be more sequential.

•

They said I needed to put in quotes.

•

use diverse transitions

•

Specific feedback that my partner gave me was that I should separate each explanation of
each law into a sentence.

•

I fixed grammatical errors

•

We read our writing and talked about what was different, and our sentence structure.

•

I corrected punctuation and capitalization and clarified some of my points.

•

It helped my spelling and grammar

•

My second piece of writing was impacted by my peers, when they helped me find a
different transition word.

For the purposes of this research study and questions, feedback related to improving writing was
not helpful. When looking at the rubric in Appendix C, students were not scored on their
grammar, mechanics, or spelling.
When scoring the standards section the teachers, researcher, and arbitrator struggled
scoring some student samples that heavily relied on direct quotes from the articles. Scoring
samples that contained a lot of direct quotes or citations was difficult because we could not
ascertain if students understood Newton’s Laws of Motion and how they related to sports, or if
students were just copying what the article stated. The rubric was focused on student’s claimevidence-reasoning paragraph related to the science standard MS-PS2-2 that they were studying.
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The second most common type of feedback students received was related to sharing
knowledge, concepts, or ideas. The ideas and knowledge students reported sharing focused on
clarifying Newton’s Laws of Motion and discussing how baseball or volleyball used the Laws of
Motion. Multiple students (17) commented that their partner reminded them about Newton’s
Laws. One student explained, “They helped me with my understanding of Newton’s Laws.”
Another student discussed that their partner explained opposing forces stating, “They talked
about some opposing forces that I forgot about during my writing.” A different response
described their partner talked about the conservation of momentum. A student commented
specifically that, “We talked about what our examples for each law were and discussed if our
examples fit the laws which helped me understand different points of view.” The knowledge
sharing, concepts, or idea discussions appear to have deepened student understanding of the
content standard they were studying.
When students were asked, “What feedback did you give your partner to build on their
understanding?” consistent with the previous question most students provided feedback related
to improving their partners writing. Also consistent with the previous question the second most
common type of feedback related to the scientific knowledge, concept, or ideas students were
writing about.
Another theme that emerged was feedback related to evidence and reasoning. Multiple
students (n=36) reported receiving or giving feedback related to improving evidence or adding
evidence. A student commented, “My partner told me that I needed more evidence about the
different laws.” Another student highlighted that they needed to add elaboration along with more
evidence. One student recounted, “They told me to work on my reasoning after each piece of
evidence.” Only 14 students made a reference to claims, and 13 students discussed working on
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reasoning. A student reported, “Talking in between pieces of writing helped me understand
different things such as which pieces of evidence helped support my claim.” One of the other
responses highlighted that their partner explained they should “…show how my evidence
connects to my claim more.” The number of responses connected to improving evidence related
to the knowledge sharing and ideas students were exchanging because they were often using
those ideas for evidence. For example, a student stated, “They told me to add more things about
velocity.” Another response emphasized, “need more about how baseball uses Newton’s Laws.”
How the sharing of ideas, and discussion strengthened student evidence and understanding was
further expressed in their responses to the last question on the survey.
The last open-ended question students answered asked them to explain how talking with
their peers after their first write impacted their second piece of writing. Many (n=25) students
responded that it made their second piece of writing better (n=24) or stronger (n=1). Students
reported that sharing and talking about their writing helped them catch their mistakes. They
described having a better understanding after talking to their partner because they were able to
share ideas. Several students explained that they added more detail or evidence to their
paragraphs. Out of the 132 students who responded to the survey, 41 students used a form of the
word “help”, while 34 students specifically said, “…helped me…” when talking about their peer
discussions. Numerous students reported that the strategy helped them understand either the
topic better or what to do. There were 17 comments that directly referred to Newton’s Laws.
The findings from research question three identified that students’ perceptions of the
write-converse-write strategy were primarily positive. Looking at the quantitative questions
related to the student survey, 41.3% reported that the strategy had some impact, 29.8% reported
that the strategy had a moderate impact, while 2.5% reported a major impact. When comparing
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the open-ended survey responses, many of the students reported that the strategy was helpful.
Additionally, when students were asked if they believed that the WCW strategy was helpful for
them to learn, 59% or 72 students agreed or strongly agreed. Multiple (n=24) students reported in
the survey that the strategy made their writing better.
Looking at students’ claim scores from their first write to their second write were slightly
higher (2.8 vs. 2.7), but not significantly different. Analyzing student survey responses, the claim
was only referenced by 13 out of the 132 students. One student responded, “it helped me explain
my claim better and provide more evidence to support it.” When asked what feedback they
provided their partner, a student recalled, “I told them to add a claim.” Other students reported
that their claim was similar to their partners, so they did not give or receive a lot of feedback.
Three of the comments discussed adding evidence and reasoning to support their claims.
Meanwhile, two students talked about having or adding a counterclaim. From the results it
appears that student discussions were not heavily focused or centered on the strength of their
claims.
Many student survey responses talked about evidence. When looking at student first write
scores compared to their second write scores related to the evidence section of the rubric, a
significant increase (2.4 vs. 2.6) was discovered. Aligning this with the survey results it appeared
that evidence was a strength of the student conversations. When asked what specific feedback a
student received from their partner one student explained, “need more evidence to show how
baseball uses the three laws.” A different student reported, “to add evidence from the source.”
That student also recalled providing the same feedback to their partner, stating they needed to
use more evidence. There were 20 responses related to adding more evidence and evidence was
referenced in 36 of the student responses.
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Student writing scores related to reasoning also increased significantly from write one to
Write Two (1.3 vs. 1.6). Only nine students referenced discussing “reasoning” with their
partners. When asked what feedback they provided their partner, a student responded, “I gave
them some feedback to explain the reasoning a little better.” The student highlighted the
importance of reasoning, but the comment was very generic because it was not specific to how
the reasoning could have been better. A more specific response explained, “They told me to
work on my reasoning after each piece of evidence.” Another student explained, “to write more
reasoning, really helped, because with only evidence it is hard to understand.” Although the
reasoning scores significantly increased from students first writing sample to their second writing
sample, the reasoning scores were the lowest scores on the rubric.
Significant differences (1.9 vs. 2.2) were also identified in the science content section of
the rubric that looked at student understanding related to standard MS-PS2-2. In analyzing the
survey responses when asked what feedback students received, 11 students discussed Newton’s
Laws in general, two specifically referenced Newton’s First Law, three referred to the Second
Law, and one talked about the Third Law. Similar results were reported when students were
asked what feedback they gave their partner. Newton’s Laws were generally referenced by 12
students, the first law was discussed by two students, one student referred to the second law, and
two students referred to the third law. Considering that there were 132 students that responded to
the survey, references made regarding the science content appeared to be low even though
students showed improvement in science content understanding on the rubric.
Further analysis revealed less detailed answers that could possibly explain the increase in
the MS-PS2-2 standard scores. When students were asked how the peer conversation impacted
their second piece of writing, the word “more” was used 47 times. Of particular interest was that
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six students used the phrase “more ideas,” six used the phrase “understand more,” and eight
referred to “more information.” One student specifically stated, “It impacted my second write
because it gave me more ideas to write about.” Two students related that they wrote more. A
different student explained, “it made me use more advanced vocabulary.” While another student
stated, “it didn’t make a very big impact but it gave me more ideas about what I could add to
mine just by listening to their writing.” A more in-depth response explained,
Talking with my peers impacted my second piece of writing because I got to open up my
perspective and realize what others were doing. I had more ideas and it was easier to
write after I have talked with someone and heard their ideas. Finally, I was able to receive
and give feedback which improved my writing.
Similar phrases used were, “elaborate more,” “more reasoning,” and “more detailed.” One
student recalled, “I added more things about velocity.” Another student recollected that “hearing
examples from others helped me see more what the three Newton’s laws were presented in the
sport.”
When asked how the peer conversation impacted their writing eight students discussed
understanding. One student explained, “talking with my peers impacted my second piece of
writing because I got a better understanding of what to write down and what sounds good.” The
deeper question here is, was the understanding related to the assignment directions, or related to
the science content. Another student described, “it impacted it because it helped me understand
that I should change it to the other sport because that was the one that best used the laws.” This
statement was interesting, because both sports used all three of Newton’s Laws, but the article
about baseball (Appendix N) was a little longer and had more concrete or specific examples for
how the laws were used than the article about volleyball (Appendix O). One student described,
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“talking between pieces of writing helped me understand different things such as which pieces of
evidence helped support my claim.” There were five responses that discussed having a “better”
understanding after the peer discussion. One comment explained, “It furthered my understanding
on the topic.”
Another key theme was that 14 students talked about adding ideas to their writing. One
student commented specifically, “Talking with my peers after my first write impacted my second
piece of writing by me adding onto my explanation making my writing more clear.” Some
students (n=10) discussed adding ideas after talking to their peers. A student recalled, “adding
more reasoning to support evidence.” Two students explained that they added more to make their
writing better.
There were 24 students that reported receiving little to no feedback in the student survey.
Three students specifically stated that “no feedback” was given or received; when looking at
those students first writing scores and second writing scores no change was observed. There
were 32 students that reported the write-converse-write strategy had no impact (15) or a minor
impact (17) on their writing. The researcher was able to match 31 of those students with their
writing samples. No change for any section of the rubric was found in 16 out of the 31writing
samples. Of those, six said that the WCW strategy had no impact on their scores, and 10 reported
a minor impact. There were a few students that reported making no changes between the first and
second piece of writing, which was seen when matching their responses and their rubric scores.
However, 15 of the 31 students showed an increased score in one or more parts of the rubric
between their first and second writing samples.
When looking at the rubric scores of the 17 students that reported the strategy had “no
impact”, the claim score increased for three students, the evidence score increased for five
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students, the reasoning score increased for six students, and the standard score increased for
seven students. Seven students improved their scores in multiple sections even though they
reported that the strategy had “no impact” on their second writing sample. One of the students
whose score increased in every rubric category stated, “we talked about what our examples for
each law were and discussed if our examples fit the laws which helped me understand different
points of view.” Another student that reported the strategy as having “no impact” but improved
their scores for every category in the rubric described that after talking to their peer “I elaborated
more.” A student that improved their score in three of the four rubric sections stated, “my
partners gave me feedback that help me understand and finish my work by saying that it was
good and giving me advise to look at the spelling and grammar more.” That student also
expressed that they did not have time to finish their first writing sample, but after talking with
their peers they added information and were able to finish the second sample.
The students (18) that reported the strategy as having a “minor impact” did not show as
many improvements as the students reporting “no impact.” There were 16 students that reported
the strategy as having a “minor impact,” and 10 of those students showed no change in score
between the first and second writing samples. This was interesting because students reported
conflicting results when asked how the conversation with their peer impacted their second piece
of writing. For example, one student that showed no change in score stated, “it helped me
understand a little more.” Another student explained, “it didn’t make a very big impact, but it
gave me more ideas about what I could add to mine just by listening to their writing.” None of
the students that reported the strategy as having a minor impact changed their claim score. There
were three students that improved their evidence score, four students improved their reasoning
score, and three students improved their standard score. One of the students that improved 3 out
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of the 4 rubric categories explained that their partners reminded them what Newton’s 2nd law was
and they wrote more. Another student stated that the partner conversation “…helped me realize
how much information I was missing.”
The student survey found several major themes across all the questions and responses.
One major theme was that most responses were suggestions related to improving student writing,
either grammar (n=6), mechanics, spelling (n=3), or sentence structure (n=6). The second theme
was that even though responses were not always specific, students tended to share ideas, and
knowledge related to the topic or concept. Students referred to Newton’s Three Laws in general
25 times when responding to the survey. The first law of motion was specifically referenced four
times, the second law was specifically referenced four times, and the third law was referenced
three times. Several key terms (velocity, mass, opposing forces, conservation of momentum,
inertia) related to force and motion were used once or twice. Although the comments were not
always specific or detailed, 33 responses included the word “understand” or “understanding.” A
third theme was related to discussing evidence and adding evidence or what type of evidence to
include. The word evidence was used 36 times when looking at student survey responses. Fourth,
a few students talked about reasoning (n=13) and claims (n=14). A few key words were found
repeatedly in student responses. The word “more” was used 118 times throughout the survey,
while the word or a form of the word “add” was used 52 times. The word “better” was used 46
times. There were four responses that specifically referred to “elaborate.” Some students did
discuss receiving no feedback (n=24), whereas 32 students reported that the strategy had a minor
impact (n=17) or no impact (n=15).
Overall, the student survey responses suggested that perceptions regarding the impact of
the WCW strategy were positive. When asked how the strategy impacted student science
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understanding, 50 students (41.3%) reported some impact, 36 students (29.8%) reported a
moderate impact, and three students (2.5%) reported a major impact. Comparing the quantitative
results to the qualitative results provided further insight into student responses. One student
specifically explained, “They helped me with my understanding of Newton’s laws.” Another
student stated, “gave me more information and helped me understand more.” Eight students
described having a deeper understanding or understanding more after talking to their peers.
When asked if students believed that the WCW strategy was helpful for their learning, 72
students (29%) agreed or strongly agreed, and 24 students reported that the strategy made their
writing better.
Findings for Research Question Four
RQ4: What are teacher perceptions regarding the impact of the write-converse-write strategy on
student scientific understanding?
Descriptive statistics were run to examine the perceptions of the three teachers who
participated in the write-converse-write strategy process. Teachers were asked if they had
previously implemented the WCW strategy in their classroom. Of the three teachers, two
(66.7%) had previous experience with this method in their classroom while one (33.3%) did not.
Teachers were also asked if they felt their students’ understanding of the science content was
impacted by the WCW process based on their writing samples. All three teachers felt there was
somewhat of an impact. With respect to the likelihood they would use the WCW strategy in their
classroom again, two teachers said they were extremely likely to use it again while one said
he/she was extremely unlikely to use it again.
There were several open-ended questions included on the teacher survey. When asked
which part of the strategy teachers found to be the most beneficial, all three teachers responded
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that students benefitted from peer conversations. Teacher A specifically replied, “The writeconverse-write strategy gives students tangible experience in writing as a process that benefits
from peer collaboration.” A parallel question asked teachers what they found to be the least
beneficial aspect of the strategy. Teacher A explained that some students were extremely shy and
found it challenging to share their writing, but the teacher still believed it was meaningful for the
students. Teacher B explained, “The most beneficial part of the strategy was the ‘Converse’ part.
Many of my students needed the “Converse” just to start the writing; they had nothing for the
first write.” Again, more information was collected in the parallel question, where Teacher B
expounded that many of their students did not write much or anything during the first write. Part
of Teacher B’s response stated, “A majority of my students are below grade level for reading and
writing, so I was not surprised that they could not get through the reading and start a first draft
without support.” The peer conversation appeared to provide the support that students needed to
start their writing. Teacher C stated, “I think that students being able to share what they had
written with each other and then getting feedback from their classmates was the most beneficial.
I think that collaboration and sharing of ideas allows students to think deeper about a topic.”
Teacher C did not find any part of the strategy to be least beneficial, but provided insight by
maintaining, “I think all parts need to be done together for the full impact of the strategy.” That
statement was crucial because it highlighted the teacher’s understanding of the importance of
fidelity to ensure results.
Knowing that teachers value autonomy and every teacher has a different teaching style,
two questions asked about supports provided to students. In terms of language supports, two of
the teachers discussed providing sentence starters. One teacher discussed providing students with
the guiding question, while another teacher mentioned providing elaboration strategies. A
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teacher specifically stated, “There was an instructional aide in the room for my resource students,
but not a bilingual aide for my Spanish speaking students. I think if I had read the articles aloud
to my students, they would have done better. I do not know if they struggled with the reading,
and this is why many did not have much writing in ‘Write One’ or if they were just burnt from
testing at the end of the school year.” This provided critical insight because the teacher
highlighted that reading the article out loud may have improved student writing. The teacher also
gives awareness into the struggles students may have faced in terms of reading levels and end of
the year burnout. Knowing that there was an instructional aide for resource students, but not the
bilingual Spanish speaking students, offers another layer of insight regarding available student
support. Teachers provided writing supports along with the language supports. One of the
teachers reported using bullet points and highlighting the task at hand. Two of the teachers
discussed giving instructions on how to write their claim, support their claim with three pieces of
evidence, and to tie the claim to the evidence with reasoning. The instructional aide giving
additional support to the resource students was also mentioned again when discussing the writing
supports provided to students.
Teachers also discussed their overall thoughts regarding the WCW strategy as an
instructional tool; their statements are reported in the list below:
•

I find the write-converse-write strategy to be extremely beneficial to student learning in
the science classroom. As with any tool, student learning would benefit more over time as
students master the mechanics of the strategy.

•

I think the write-converse-write strategy is valuable as an instructional tool. I use it a lot
in both my math and science classes. It helps my resource students feel more confident in
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their abilities to write, and it supports my second-language students understand the
material.
•

I think that WCW is a good tool and should be implemented at the beginning of the
school year with lots of training for the students so that they can improve how they use it
over the school year.

Two of the three teachers highlighted that using the strategy repeatedly over time would help
students improve and “master the mechanics of the strategy.” One teacher talked about using the
strategy a lot as a resource in their class. A teacher stated, “I think that WCW is a good tool and
should be implemented at the beginning of the school year with lots of training…” The results to
teacher’s thoughts regarding the strategy are important because it appears that all three teachers
would use the strategy again. However, when asked the likelihood that teachers would use the
strategy again, two replied extremely likely, and one replied extremely unlikely. When matching
the responses with the teacher’s comments it appears that the extremely unlikely could have been
checked by mistake. Matching the teacher’s quantitative responses with their qualitative
responses appears to show that all three teachers believe it is a good instructional tool that they
would be willing to use again.

169

Chapter 5: Discussions, Implications, Recommendations
Overview of the Study
This mixed-methods case study explored whether the write-converse-write (WCW)
strategy impacted students’ science conceptual understanding, as evidenced by their writing,
along with teacher and student perceptions regarding the influence of the strategy. With the
WCW strategy, students were given two short articles (Appendices N & O) to read and then
were provided a writing prompt. Students had time to read the article and compose a claimevidence-reasoning paragraph for their first write. Students were then put into pairs to share and
discuss their writing samples and the articles. After students finished sharing their samples and
discussing the topic, they wrote a second sample. Teachers and the researcher scored both
writing samples using the rubric in Appendix C.
A field test was conducted in the summer of 2020 to determine the validity and reliability
of the rubric. A pilot study was completed in two seventh-grade classrooms in March of 2021.
Following the pilot study, the study was completed in three eighth-grade classrooms. The
strategy was implemented in the classrooms; students took the survey after completing their
second writing sample (Appendix D). The teachers completed a teacher survey after they
finished scoring the writing samples. An arbitrator was sent the samples with score discrepancies
to resolve differences between the researcher and the teacher. In early July, the researcher, 8thgrade teachers, and arbitrator met to discuss samples that still had discrepant scores. The
quantitative aspects of the study were the first and second writing samples, three questions on the
student survey, and three questions on the teacher survey. Qualitative data was collected from
open-ended responses on the student survey and teacher survey. Additional qualitative data was
collected from discussions with the teachers, the arbitrator, and email correspondence.
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The purpose of the study was to partially fill the gap in the research related to writing in
science (Huerta & Garza, 2019). Drew et al. (2017) highlighted a need for identifying disciplinespecific writing interventions. Governor et al. (2021) explained, “future research efforts should
be directed at building instructional scaffolds, strategies and professional development
experiences…that facilitate collaborative negotiation patterns” (p. 32). This study sought to
provide teachers with an evidence-based instructional strategy that aligns with the science and
engineering practices (SEP) found in the Next Generation Science Standards (NGSS, 2014).
Chen, Park, and Hand (2016) explained that few studies had explored the impact of using talk
and writing simultaneously and their impact on student understanding. Newani et al. (2018)
suggested that future research could ask students to give each other feedback on improving post
instructional explanations. The WCW strategy and this study’s findings could be used in science
classrooms to strengthen student concept understanding through writing in the content area.
Research Questions
This study had four research questions. The first two research questions were quantitative
and answered using students’ writing scores on their first and second writing samples. Research
questions three and four were qualitative to determine student and teachers’ perceptions
regarding the strategy’s effectiveness.
RQ1: Does academic conversational discourse impact student’s understanding of science
concepts as demonstrated in their scientific writing?
•

H10: Student writing and understanding in science will not change after conversing with a
peer.

•

H1A: Student writing and understanding in science will change after conversing with a
peer.
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The findings indicated that students’ understanding of science concepts changed after conversing
with a peer. The science content standard MS-PS2-2 states, “plan an investigation to provide
evidence that the change in the object’s motion depends on the sum of the forces on the object
and the mass of the object” (NGSS Lead States, 2014). In this study, students did not plan an
investigation, but they did use textual evidence to explain how different sports use Newton’s
Three Laws of Motion. Students’ second writing scores regarding standard MS-PS2-2 were
significantly higher than students’ first writing scores supporting the acceptance of H1A. The
study results indicated that student understanding in science changed after conversing with a
peer, leading to the rejection of the null hypothesis, which stated student writing and
understanding would not change.
RQ2: Does the write-converse-write strategy impact student’s claim-evidence-reasoning writing
in science?
•

H20: Student’s claim-evidence-reasoning in science will not change after using a writeconverse-write strategy.
o H201: Student’s claim in science will not change after using a write-conversewrite strategy.
o H202: Student’s evidence in science will not change after using a write-conversewrite strategy.
o H203: Student’s reasoning in science will not change after using a write-conversewrite strategy.

•

H2A: Student’s claim-evidence-reasoning in science will change after the use of the
write-converse-write strategy.
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o H2A1: Student’s claim in science will change from the use of the write-conversewrite strategy
o H2A2: Student’s evidence in science will change from the use of the writeconverse-write strategy
o H2A3: Student’s reasoning in science will change from the use of the writeconverse-write strategy
The study results showed that student claim scores were not significantly different from
the first to the second writing sample, supporting the null sub-hypothesis H201. The insignificant
difference in scores led to the rejections of sub-hypothesis H2A1.
An important finding was that student evidence and reasoning scores significantly
increased after the peer discussions. The changes seen in the evidence and reasoning scores
supported sub-hypotheses H2A2 and H2A3, which stated that student’s evidence and reasoning
scores would change after using the WCW strategy. The overall results partially upheld
hypothesis H2A that students claim-evidence-reasoning scores would change after using the
WCW strategy. The null hypothesis was partially rejected because it stated that student’s claimevidence-reasoning in science would not change after using a write-converse-write strategy, but
significant changes were reported in the evidence and the reasoning sections.
RQ3: What are student perceptions regarding the impact of the write-converse-write strategy on
their scientific understanding?
The student survey found that students perceived the strategy to be helpful. When asked
directly if the strategy was helpful for them to learn, 59% of students agreed or strongly agreed.
When students were asked if the WCW strategy impacted their understanding of science, 12.4%
indicated no impact, 14.0% a minor impact, 41.3% some impact, 29.8% a moderate impact, and

173

2.5% a major impact. A student commented, “It did not impact me because we wrote basically
the same paragraph but if we didn’t then I believe the WCW strategy would be very helpful.” In
analyzing the open-ended survey responses, grammar, transitions, mechanics, and spelling
feedback was prevalent. Students also described feedback about clarifying Newton’s Laws of
Motion and discussing how baseball or volleyball used the Laws of Motion. Improving or adding
evidence was another theme that appeared in the survey responses. Multiple students responded
that the WCW strategy made their second writing sample “better.” On the survey, a student
reported, “It helped me better explain my ideas and think about the logic behind what I was
saying.” Interestingly, a form of the word “help” was used repeatedly in student responses. A
student explained, “It helped me understand if I was off topic or had it pretty point on.” While
another student stated, “It impacted my writing because then it helped me build onto my writing
and make it better.” Multiple students explained that the WCW strategy helped them build on
their ideas and add to their writing.
RQ4: What are teacher perceptions regarding the impact of the write-converse-write strategy on
student scientific understanding?
The teachers felt that the WCW strategy impacted students’ science content
understanding. When asked which part of the strategy teachers found most beneficial, all three
teachers had a statement about the peer conversation. A similar question asked teachers which
part was the least beneficial, and several themes emerged. One teacher reported that it was
difficult for timid students to share their writing but thought it was still helpful. A second teacher
explained that many students did not have anything written for their first writing sample and
needed peer discussion to respond to the writing prompt. An unanticipated finding was when one
of the teachers commented, “I think all parts need to be done together for the full impact of the
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strategy.” This teacher’s insight highlighted the strength of implementing the entire strategy with
fidelity. When reading teachers’ overall thoughts regarding the strategy as an instructional tool, it
appeared that all three teachers felt the strategy was beneficial and should be utilized throughout
the school year. Surprisingly, two teachers reported being extremely likely to implement the
strategy again, and one answered extremely unlikely. When matching the responses with the
teacher’s comments, the extremely unlikely could have been clicked by mistake. The teacher
who selected that they were extremely unlikely to use the strategy again had previously stated, “I
think that the WCW is a good tool and should be implemented at the beginning of the school
year…” The statement led the researcher to infer that the teacher was likely to use the strategy
again and possibly clicked extremely unlikely by mistake.
Conclusions
The present study was designed to determine if academic conversational discourse
impacted students’ conceptual understanding as evidenced by their writing. Although this study
focused on peer discussions, previous studies provided the groundwork by finding that students’
oral and written argument skills were connected, and the quality of their written arguments
improved after whole-class discussions (Chen, Hand, & Park, 2016; Chen, Park, & Hand, 2016).
The current study resulted in similar findings when students participated in peer discussions.
Significant differences were found in student scores from their first writing sample to their
second writing sample in the areas of: Science Content Understanding for Standard MS-PS2-2
concerning their understanding of Newton’s Laws of Motion, evidence, and reasoning. The
lesson analyzed in this study could be used as a precursor to assist students in planning an
investigation that provided evidence that an object’s motion depended on the sum forces and
mass of the object. The findings from this study support Chen, Hand, and Park’s (2016)
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discovery, that students are willing to revise their writing and arguments following evidencebased discussion and critique from their peers. When asked how peer conversation impacted
their writing, students reported that it helped them improve their second writing sample. A
student wrote, “It helped me better explain my ideas and think about the logic behind what I was
saying.” This outcome reinforced Chen, Park, and Hand’s (2016) conclusion that when students
used talk and writing in sequence or simultaneously, their cognitive functions became more
complex and science knowledge increased. A student explained, “Talking to my peers after my
first write impacted my second piece of writing because I got a better understanding.” The results
indicated significant improvement in student evidence, reasoning, and science content scores.
The first research question in this study sought to identify if academic discourse impacted
student’s understanding of science concepts as demonstrated by their writing. An important
finding was that science content understanding improved following the peer discussion,
supporting the idea that engaging students in creating meaningful explanations for phenomena
improves their understanding of science concepts (NGSS Lead States, 2015; NRC, 2012). The
Framework (NRC, 2012) emphasized the necessity of providing students with opportunities to
build their scientific knowledge through engaging with the science and engineering practices
(SEPs). The practices stressed the importance of increased social interaction and classroom
discourse to improve students’ understanding of the core disciplinary ideas [DCI] (NGSS Lead
States, 2013; NRC, 2012; Schwarz et al., 2017). During the WCW strategy, students applied
three of the SEPs. They constructed an explanation, communicated their writing with their peers,
and engaged in argumentation to make their explanations stronger.
The increase in the science content understanding score is consistent with what previous
researchers (Kawaski & Sandoval, 2020; Manz, 2015) have established: When students
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participate in peer discussions, they can build their science understanding. Fishman et al. (2017)
explained that science learning depends on providing students with opportunities for discursive
interactions and engaging in critique and evaluation. Kuhn and Pepanyan (2020) highlighted that
student understanding of science increases when they process information through multiple
activities and media. Reiser, Michaels, et al. (2017) argued that students needed to be challenged
to use their observations regarding phenomena to construct explanations that justified why the
phenomena occurred. The SEPs emphasized implementing knowledge building that required
students to develop questions, analyze, argue, critique, explain, and model solutions to solve
problems and explain different phenomena. In this study, the students first read an article related
to their science topic, wrote a response, discussed their writing with a partner, and then wrote
their second sample. A student reported, “…it gave me more ideas about what I could add to
mine just by listening to their writing.” Huerta and Garza (2019) rationalized that when students
were given time to revise and reconstruct their thinking, their science understanding became
deeper. The authors also explained that students constructed science knowledge when they
engaged in the science processes as a group. The WCW strategy implemented the type of
knowledge building called for in The Framework and by other researchers (Kawasaki &
Sandoval, 2020; Kuhn & Pepanyan, 2020; NRC, 2012, 2015; Reiser, Michaels, et al., 2017).
This research supports the idea of a positive relationship between student writing,
discourse, and comprehension. Chen, Park, and Hand (2016) highlighted that few studies had
explored the impact simultaneous use of talk and writing had on student knowledge
development. This study adds to the body of research that indicates peer conversations positively
impact student understanding in science. Newani et al. (2018) and Murphy et al. (2018)
identified that future research should show the relationship and changes between student

177

discourse and comprehension. Wright et al. (2019) discussed, “…it is still not clear whether
students’ ability to engage in scientific argumentation (as demonstrated in their writing)
correlates with their acquisition of science content knowledge” (p. 301). The results from the
Science Content Section of the rubric that looked at content standard MS-PS2-2 suggested that
peer conversations impact student content understanding. A student explained, “My partner
explained further about the third Newton’s Law, saying that the third law is also required when
the ball is flying in the air.” Later the same student expressed that talking with a peer “furthered
my understanding on the topic.” One of the teachers reported, “some students clarified scientific
content after conversing with peers.” Although the study is too small to generalize or claim a
direct correlation, the data suggests a positive relationship between student discourse and
conceptual understanding.
The combination of talking, reading, and writing increases student science understanding
and vocabulary usage (Bravo & Cervetti, 2014; Huerta & Garza, 2019; NRC, 2015; Prain &
Hand, 2016). The Guide to Implementation (NRC, 2015) stressed that students learned facts and
terminology as they needed them to develop explanations. In a survey response from the current
study, a student stated, “It made me use more advanced vocabulary.” A different respondent
discussed adding information about velocity. Interestingly, when asked how their peer
conversation impacted their writing, students used the following phrases: more ideas, understand
more, and more information. Multiple students discussed understanding, but it is difficult to
know if the “understanding” was related to the assignment directions or the science content from
the responses. There was a response that specified, “It furthered my understanding on the topic.”
Throughout the survey responses, students referred to the article. A student explained that their
partner told them to reread the article and that it impacted their second writing sample because
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“after I read the article again I realized that I had a lot more evidence.” These findings support
previous research (Fishman et al., 2017; Kawaski & Sandoval, 2020; Manz, 2015) that student
understanding improves when they are provided opportunities to discuss with their peers.
The second research question sought to answer if the WCW strategy impacted student’s
claim-evidence-reasoning writing scores. Chen, Hand, and Park (2016) found that after multiple
rounds of whole-class discussion students’ arguments improved, starting with the accuracy of
students’ claims. Other researchers (Berland & Reiser, 2009; McNeill & Krajcik, 2011; Novak &
Treagust, 2017) identified that developing a claim tended to be the least challenging part of a
claim-evidence-reasoning piece for students. Novak and Treagust (2017) discovered that writing
an evolving claim was challenging for students. When analyzing the quantitative data for the
claims, very few students’ scores improved, several students’ scores decreased, and the majority
remained the same, supporting Novak and Treagust’s (2017) findings.
The claim scores were higher than any of the other rubric scores in the first and second
writing samples. The higher claim scores could support previous findings that the claim tends to
be easier for students to write. However, since the study was limited to rubric scores and survey
responses, it is not possible to know if the claim was more straightforward for students to write.
Chen, Hand, and Park (2016) found that students shifted their discussions from
challenging the accuracy of a claim to focusing on the quality of evidence used to support claims
with practice over time, which was substantiated by student survey data and evidence scores in
this study. Contrary to Faize et al. (2018), the current study found that students could locate
relevant data and support their claims with evidence. The findings from this study were
consistent with results from Chen, Hand, and Park (2016) and Chen et al. (2017), which found
that students could work together to identify evidence to support their claims. In the WCW
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process, students used feedback from their peers to strengthen their arguments, which was
consistent with Chen, Hand, and Park’s (2016) finding that “students were more willing to revise
their ideas if the discussion and critique of their peers was evidence-based” (p. 313). Manz
(2015) explained that teachers needed to provide scaffolded supports that assisted students in
engaging in argumentation. The change scores from writing sample one to writing sample two
found significant improvement in students’ evidence scores. Chen et al. (2017) highlighted that
students strengthened their evidence during the public negotiation or whole-class discussion
phase when they presented and debated their claims. The current study was different from
previous studies in that students only had partner discussions between the two writing samples,
and there was not a whole class discussion.
With regard to student’s reasoning scores, improvement was shown from the first writing
sample to the second writing sample, which was interesting because only a few students
mentioned the reasoning on the survey. Manz (2015) discovered that students could produce and
justify their claims but often failed to provide reasoning that supported their claims. When asked
what feedback they received from their partner, a student commented, “They told me to work on
my reasoning after each piece of evidence.” Student reasoning scores were the lowest scores on
the rubric. Manz (2015) clarified that when students agreed, shared, or had a common
understanding of the phenomena, they did not necessarily provide reasoning. A student
substantiated this in the survey stating, “nothing much, we pretty much had the same things
written down, so we agreed with each other.” Osborne et al. (2019) explained that when
reasoning is discussed and challenged within the classroom community, the best results are
obtained because the reasoning is exposed to public critique.
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A surprising correlation between the low reasoning scores and few comments on the
student survey was that reasoning was the most challenging section of the rubric to score. The
Fleiss’ Kappa showed a moderate interrater agreement for the reasoning section of the rubric;
however, most score discrepancies were in the reasoning section. When the teachers, researcher,
and arbitrator met to discuss the reasoning, one of the key questions was “what counts for
reasoning?” As the group discussed the samples, it was apparent that taking the time to calibrate
the rubric would have been beneficial. A professional development (PD) session to calibrate
scoring was initially planned but did not occur due to COVID-19 restrictions and time
limitations. Perhaps if the PD session had taken place and scoring calibration had been
completed, there would not have been as many discrepancies.
McNeill et al. (2016) discussed that teachers could experience challenges when
evaluating students’ reasoning and struggle to support their claims with appropriate evidence and
reasoning. The authors stated, “When analyzing samples of student work, both in writing and in
classroom discussions, teachers can have difficulty assessing students’ reasoning as well as
determining appropriate instructional supports to help improve students reasoning” (McNeill et
al., 2016, p. 265). The results from this study support the McNeill et al. (2016) research finding
that reasoning was the most challenging aspect of the rubric to assess. Teachers, the researcher,
and the arbitrator had multiple conversations attempting to agree on the rubric’s reasoning
scores, leading to the possibility that students also struggled with what counted as appropriate
reasoning.
Multiple authors (Allen & Penuel, 2015; Best & Dunlap, 2014; Bybee, 2012, 2013;
DeBarger et al., 2017; Fulmer et al., 2018; Furtak & Penuel, 2019; Kawasaki & Sandoval, 2019,
2020; NRC, 2012, 2014, 2015; Osborne, 2014, 2019; Penuel et al., 2015; Penuel & Reiser, 2018;
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Reiser et al., 2017; Sandoval et al., 2016; Schwarz et al., 2017; Zangori & Pinnow, 2019) have
explained that in order to meet the ambitious teaching called for in the NGSS, science education
would have to change. The NGSS presented numerous conceptual shifts that required students to
become epistemic agents within their science classrooms (Berland et al., 2016; Miller et al.,
2018). The shifts obligated teachers to take on the role of facilitator, mentor, and guide of
learning, rather than the traditional position of authority (Bybee, 2012, 2013, 2014; Lowell et al.,
2019; Osborne, 2014; Sandoval et al., 2016). When implementing the WCW strategy, teachers
were facilitators of learning. Kawasaki and Sandoval (2020) explained that students learn and
develop science conceptual understanding using the SEPs to explain phenomena. Findings from
McNeill et al. (2016) emphasized that understanding the goals behind a procedure is crucial for
implementing the NGSS. Zangori and Pinnow (2019) called for professional learning
opportunities that supported teachers in understanding the role of discourse. A vital aspect of the
WCW strategy is student discourse and feedback.
Osborne et al. (2019) claimed that engaging students in argument from evidence tended
to be the most challenging SEP for teachers to implement. Osborne et al. (2019) and Fishman et
al. (2017) explained that classroom learning still consists of teachers transmitting or dispersing
knowledge to students even though this has been shown as an ineffective strategy for student
knowledge development. An implication from this study is that the WCW strategy has the
potential to meet the four features of a classroom that support argumentation from evidence as
outlined by Osborne et al. (2019). First, the WCW strategy requires students to play an active
role in knowledge discussion and deliberate discourse. Second, students are encouraged to
express their ideas with supporting evidence and reasoning. Third, students can be encouraged to
adopt a critical attitude toward knowledge claims and supporting evidence when providing peer
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feedback. Finally, the WCW strategy emphasizes consensus building through respectful and
supportive interactions between members. Fishman et al. (2017) argued that science learning
depended on providing students with opportunities to have discursive interactions and engage in
critique and evaluation. Manz (2015) explained that teachers needed to provide scaffolded
supports that helped students engage in argumentation; the WCW strategy is a scaffolded
support. Hsu et al. (2015) suggested that future research look at the mechanisms of structured
argumentation scaffolds to guide students in using warrants and strengthening their warrants. In
Toulmin’s Argument Pattern, warrants would be equivalent to reasoning in a CER paragraph;
after the WCW strategy, students’ reasoning scores did show a significant change.
A critical shift in the NGSS was calling for students to become epistemic agents within
the classroom. Sandoval et al. (2019) highlighted that teachers must trust that students can
engage in productive conversations and build meaningful consensus. The data from this study
suggests that students can maintain epistemic authority, building on the ideas of each other, and
creating meaningful consensus. The increase in their content understanding MS-PS2-2 writing
scores as measured by the rubric indicate that students can be trusted to hold each other
accountable for their learning. Gonzalez-Howard and McNeill (2019) emphasized that students
could learn from each other, revise their original arguments, and improve understanding through
working together. The authors explained that student participation increased when students
worked together. A fundamental part of the WCW strategy is the peer-to-peer discussion and
feedback cycle, allowing students to act with epistemic agency in the classroom. The improved
science content understanding scores after the peer conversation supported what Stroupe (2014)
found, that science ideas were malleable and allowing students to become epistemic agents
within the classroom enables them to engage in science-as-practice.
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Miller et al. (2018) explained that epistemic agency required allowing students to take
responsibility for their learning and make choices related to their knowledge construction and
understanding. When students are engaged in a peer conversation, they have the epistemic
authority to construct knowledge, question, and communicate their understanding with their
partners. Only a handful of students from this study reported that the WCW strategy had a minor
or no impact on their understanding. However, when analyzing the scores of students who
reported the strategy as having “no impact,” improvements in multiple rubric sections were
found in their second writing samples. This finding suggested that even if students do not
perceive an impact, it is still possible for one to have occurred. Miller et al. (2018) found that
when teachers trusted students to take on the role of an epistemic agent, they could discuss
science ideas without the teacher being present (i.e., small group discussion). This study’s data
and survey responses substantiate Miller et al.’s (2018) findings.
Chen, Park, and Hand (2016) examined how different patterns of talk and writing
impacted student knowledge development, the construction of arguments, and the critique of
arguments. A key finding from their investigation was that students’ knowledge development
was better supported when they combined talking and writing, which was supported by the data
from the current study. The authors also explained that when students used writing and talking in
sequence or simultaneously, they used higher cognitive functions. A few students referenced the
need for elaboration in the student survey, which is considered a higher-order cognitive function.
A student explained, “More elaboration was needed, and I needed another piece of evidence.”
Another higher-order cognitive function is reflection; a student reported, “well, this time it make
[sic] me reflect on my writing and just change one or two things to make my writing better.”
Another student elaborated:
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Talking with my peers impacted my second piece of writing because I got to open up my
perspective and realize what others were doing. I had more ideas and it was easier to
write after I have talked with someone and heard their ideas. Finally, I was able to receive
and give feedback which improved my writing.
Henderson et al. (2018) highlighted that argumentation might be difficult for students because it
required them to engage with peers who presented competing ideas. On the survey, respondents
did discuss having “different opinions” or “different views” from their partners. For example, a
student wrote, “my partners, and I had the same agreement within our writing, and we all had
different reasons to agree.” Of particular interest was the student that explained, “they showed
me their perspective on a different sport and made me realize that either sport could be using all
three laws.” The findings from the student survey highlighted that although students had
different and sometimes competing ideas, they were using higher-order cognitive thinking skills
to form a common understanding of how sports use Newton’s Laws of Motion.
Overall, student perceptions of the WCW strategy were positive; when asked if the
strategy was helpful for learning, 59% of students agreed or strongly agreed. Multiple students
reported providing feedback on clarifying Newton’s Laws of Motion and how baseball or
volleyball used the Laws of Motion. The knowledge sharing and concept ideas students
discussed appeared to improve their understanding of the content standard MS-PS2-2. For
example, a student reported, “They told me to explain how hitting the ball is an example of
Newton’s First Law and that made me think more about it.” A different student explained that
their partner reminded them what Newton’s 2nd law of motion was. When students were asked to
explain how talking with their peers impacted their second writing sample, students reported that
it improved their second piece of writing. A form of the word help was found numerous times in
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student responses, along with the phrase “helped me.” For example, a student stated, “It helped
me better explain my ideas and think about the logic behind what I was saying.” Another student
explained, “It impacted my second piece of writing because it says I need to add more
information.” The majority of students reported that the WCW strategy impacted their writing;
this finding is important because most of the literature reviewed focused on classroom
discussions and not peer conversations.
Teachers also felt like the strategy impacted students’ understanding and writing;
specifically, they felt that students benefitted from peer conversations. On the survey, a teacher
reported, “Many of my students needed the “Converse” just to start the writing; they had nothing
for the first write.” Later in the survey, the teacher explained that students may have done better
if he/she had read the articles out loud. The teacher was wondered if students struggled reading
the articles and if that was why they did not write very much for their first sample. The
respondent had previously explained that most of the students in their classes were below grade
level in reading, writing, and mathematics, which highlighted the importance of providing
articles as the appropriate reading level.
Two of the teachers felt that students would have shown more improvement if the
assignment had been provided earlier in the school year. One teacher explained in an email to the
researcher, “I do feel that the results would have been more profound between take one and take
two if this had been presented as a summative assessment and students had been provided with
the rubric.” On the survey, a different teacher replied, “If this assignment were given earlier in
the trimester and not the final week of school, I think there would have been a greater
improvement in their writing in ‘write two.’” Two teachers discussed that student learning could
have benefitted if students had used the strategy over time with more training. One of the
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teachers explained, “As with any tool, student learning would benefit more over time as students
master the mechanics of the strategy.” Another teacher reported, “I think that WCW is a good
tool and should be implemented at the beginning of the school year with lots of training for the
students so that they can improve how they use it over the school year.” Changing teacher
pedagogy takes time (Bybee, 2014; Desimone, 2009; Kilinc et al., 2017; Marco-Bujosa et al.,
2017). Studies (Allen & Penuel, 2015; Chen et al., 2017; Fishman et al., 2017; Osborne et al.,
2013; Osborne et al., 2019) have shown that it takes at least one to two years for teachers to
become competent with new instructional practices that affect student performance. Providing
more training and time could significantly impact teachers and students in implementing the
WCW strategy.
Discovering that teachers perceived the strategy to impact student understanding was
critical for this study. The study was meant to connect teacher and student perceptions with the
results collected from the writing samples. The quantitative and qualitative aspects of the study
demonstrated that the write-converse-write (WCW) strategy positively impacted student
understanding, as evidenced by their writing. Although the study is based on a relatively limited
sample of convenience at one grade-level, it suggests that peer conversations in the classroom
could benefit student learning.
Implications for Practice
The results of this study indicated that the WCW strategy impacted student
understanding, as evidenced by their writing. The findings presented could be of interest to
multiple practitioners in the field of education. First, practicing teachers may find the WCW
strategy an effective tool for teaching science writing and engaging students in the SEPs. Second,
the strategy could be introduced in Science Education Methods courses for preservice teachers.
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Finally, science PLC teams could use the WCW strategy to conduct a plan-do-study-act (PDSA)
cycle (Bryk et al., 2015; Shakman et al., 2020) to improve student understanding.
A key implication is that the WCW strategy should be done together. As one of the
teachers reported, “I think all parts need to be done together for the full impact of the strategy.”
Chen, Park, and Hand (2016) found that when students used talk and writing separately, they
used lower cognitive functions. When students used talk only, they tended to stick to expressing
or reporting ideas; when they only wrote, they tended to record and describe information.
However, when students talked and wrote together, they started elaborating, integrating,
challenging, defending, and reflecting on the information. The authors emphasized that writing is
a reflective process that prepared people for discourse, thus contributing to knowledge
development. A positive relationship exists when students use talking and writing together to
construct meaningful explanations.
The findings indicated that student conceptual understanding was impacted by writing
and student discourse. For example, a student reported, “They gave me a little bit more
information about how volleyball and baseball both use Newton’s Laws.” When replying to
another question, the same student explained, “gave me more information and helped me
understand more.” Drew et al. (2017) emphasized that teachers need to assign writing tasks to
“promote deep learning and to communicate scientific understanding to authentic audiences” (p.
952). The authors explained that teachers should use evidence-based practices to teach writing in
science. The findings from the current study suggest that the WCW strategy could be used to
teach writing in science and as an evidence-based adaptation to support students who struggle
with writing. As one of the teachers reported, “I use it a lot in both my math and science classes.
It helps my resource students feel more confident in their abilities to write, and it supports my
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second-language students understand the material.” The same teacher also conveyed that many
students needed the conversing part to start writing. Another teacher explained, “I think that
collaboration and sharing of ideas allows students to think deeper about a topic.” The WCW
strategy could support dialogic argumentation because the first writing sample provides students
with a starting point for discussion; additionally, the strategy could be used to scaffold student’s
scientific writing.
Recommendations for Future Research
Multiple opportunities for future research exist. First, due to the small sample size and
limited case-study focused on a single grade at one school site, expanding the work to larger,
more diverse groups is one avenue of future research that could be conducted. By increasing the
number of participants and the diversity of groups, the data could be disaggregated by gender,
ethnicity, socioeconomic status, or other relevant groups. Depending on the study, this could
allow for generalizations regarding the WCW strategy's impact. Second, a comparison study
could be conducted to determine the impact of the WCW strategy when it is implemented in a
distance learning, hybrid, and face-to-face setting.
Researchers could look at implementing a control group that did not participate in the
WCW strategy. Comparisons could be completed using student writing samples from the control
group and student writing samples from students that participated in the WCW strategy. Adding
a comparison group that did not implement the WCW strategy would help identify the strategy’s
degree of impact. Future research could also analyze if writing one sample and revising it
without a peer discussion improved student understanding.
A study conducted by Chen, Hand, and Park (2016) suggested that engaging in social and
epistemic aspects of argumentation did not come naturally to most individuals but developed
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over time. Further research could assess the long-term effects of implementing the WCW
strategy multiple times during the school year or across grade levels. Two of the three teachers in
the current study discussed using the strategy over time in their survey responses. One teacher
reported, “As with any tool, student learning would benefit more over time as students master the
mechanics of the strategy.” Another teacher stated, “I think that the WCW is a good tool and
should be implemented at the beginning of the school year with lots of training for the students
so that they can improve how they use it over the school year.” Studies could analyze how using
the WCW strategy over time (i.e., a school year or multiple years) impacted student science
understanding. In addition, studies might be conducted to look at the impact of ongoing
professional development on multiple implementation cycles.
A natural progression of this work would be to analyze the results across multiple grade
levels. Wright (2019) explained, “however, few researchers have attempted to implement the
same intervention in both middle and high school classes.” Previously the school district in this
study had implemented the WCW strategy in multiple grade levels and at multiple sites as part of
the California Language and Learning Innovation Collaborations. Wright (2019) referred to
previous research from Bangart-Drowns et al. (2004) that middle school students were less likely
to benefit from writing-to-learn interventions than high school students. However, Wright’s
(2019) research findings contrasted the Bangart-Drowns et al. (2004) findings. Wright (2019)
discovered, “rather than grade level, in the present study the impact of the writing-to-learn
intervention varied depending on students’ preintervention skills and beliefs toward writing
along with what they actually did during the intervention.” More information regarding the
effectiveness of the WCW strategy on multiple-grade levels would add to the existing literature.
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The current study could have benefited from classroom observations. Gonzalez-Howard
and McNeill (2019) highlighted that it is crucial for research to examine different ways teachers
cultivate a learning environment in which argumentation is successfully implemented.
Classroom observations could look at how classroom environments affected the implementation
of the WCW strategy. The observations could also analyze if different classroom environments
had a more significant impact on student learning, as evidenced by their writing. Lin et al. (2020)
highlighted that future research is needed to examine the quality of instruction and the impact
instruction had on students’ argumentative writing performance. Classroom observations would
be a way to examine the quality of instruction related to the WCW strategy. A study similar to
Osborne (2019) and Fishman et al. (2017) could be conducted by having classroom observations
video-recorded and used as reflection tools for follow-up professional development (PD)
sessions.
Fulmer et al. (2018) explained that due to the recency of the NGSS standards, there was
little research surrounding the interpretation and implementation by teachers. Future research
could conduct interviews with teachers and students to identify if the WCW strategy aligned with
their interpretations of the SEPs and NGSS performance expectations. A more in-depth analysis
could be achieved by interviewing teachers and students to explore their perceptions deeper.
The vision presented in The Framework (NRC, 2012) described science learning as a
three-dimensional process during which students are engaged simultaneously in the SEPs,
crosscutting concepts [CCC], and disciplinary core ideas [DCI] (NGSS Lead States, 2013; NRC,
2012, 2015). In this study, the content standard MS-PS2-2 stated, “plan an investigation to
provide evidence that the change in the object’s motion depends on the sum of the forces on the
object and the mass of the object” (NGSS Lead States, 2014). However, students who
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participated in this study did not plan investigations; instead, they used textual evidence from
articles to write their CER. Further research could look at the impact a scientific investigation
had on students’ CER. For example, a comparison study could be conducted between students
who wrote CERs using textual evidence from articles and students who conducted investigations
using their data as evidence. A follow-up could include interviews or surveys to hear from
participants regarding a scientific investigation’s impact on their understanding versus reading an
article.
Newani et al. (2018) suggested that future research could have students evaluate their
pre-and post-instructional responses using rubrics. Many teachers struggle to score rubric
assessed work, so having professional development (PD) related to understanding the NGSS as
articulated in a rubric could be researched. Likewise, a future study could analyze teacher scores
of students’ pre-and post-writing samples versus student scores to see how the different groups
score using the rubric. Aligning student writing scores and teacher writing scores could be an
important avenue of research. A third write could also take place using the rubric for feedback.
Giving the student survey after students had a chance to score both their writing samples would
also be helpful to see if students thought that the strategy impacted their understanding.
Limitations and Assumptions
A note of caution is due because this study was a small case study conducted at a single
school site with three 8th-grade teachers and 130 students; generalizability is limited. Numerous
classroom variables could not be controlled, which presented potential limitations to the study.
These variables include but are not limited to the classroom environment, norms, and routines
teachers had in place before the study, in addition to COVID-19 challenges. For example,
teachers utilize multiple instructional strategies simultaneously within their classrooms in
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addition to the WCW strategy that could have impacted student writing samples. The WCW
strategy was used schoolwide during the 2018-2019 school year; two of the three teachers had
previously implemented the strategy in their classrooms. Fidelity to implementation was a
potential limitation. The researcher had no way of knowing if teachers stuck to the strategy,
prompted students during conversations, or provided additional instruction between the first and
second writing. One of the classroom teachers reported having an instructional aide in the
classroom during the strategy, and there is no way of knowing the level or degree to which the
Instructional Aide supported different students.
Due to COVID-19, the students and teachers had a very abnormal school year in which
the study took place. The school district started the school year in full-time distance learning,
transferred to a hybrid learning schedule with half of the students present and on-campus while
the other students joined class virtually. The district switched back to full-time distance learning
after being in hybrid for a few weeks. The district remained in distance learning for two more
months and then transferred to a hybrid learning schedule. At the beginning of the third
trimester, students started attending school five days a week on a shortened daily schedule (7:43
am to 12:05 pm). Overall, the students and teachers experienced five different transitions
throughout the school year. Fewer instructional minutes were available due to the shortened daily
schedule, which persisted during the entire year.
The challenges presented by the COVID-19 pandemic significantly impacted the study
data collection. Due to time constraints, there was limited time and opportunity for professional
development (PD). As a result, the researcher removed critical components of the PD session.
For instance, it was revealed in both the pilot study and actual study that not taking the time to
calibrate scoring, reach mutual understanding, and agreements regarding the use of the rubric
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was a significant limitation of the study. There was a high level of ambiguity and various levels
of interpretation during the scoring. Several teachers expressed that scoring a sample of papers
together to calibrate scoring would have been helpful. Teachers, the researcher, and the arbitrator
had in-depth conversations regarding the rubric and scoring.
Another challenge with shortened instructional minutes was that the teachers repeatedly
ran out of time to collect the data as planned. The researcher needed to be flexible when
negotiating with the teachers as to when data could be collected. The 8th-grade data was not
collected until the last week of the school year. In the teacher survey, two of the teachers cited
this as a potential downfall. One teacher stated, “If this assignment were given earlier in the
trimester and not the final week of school, I think there would have been a greater improvement
in their writing in Write Two. In a different question, the teacher elaborated, “…or if they were
just burnt out from testing at the end of the school year.”
The California Department of Public Health and the school district had adopted numerous
pandemic policies in response to COVID-19. At different points in the school year when students
were on campus, they needed to remain either six feet or three feet apart; this included seating
arrangements. Students were not to leave their desks or seating area or intermingle. The desks
were all retrofitted with plastic desk shields, and masks were always required. MedHealth Room
air filtration systems were continuously running, and classroom doors and windows were always
open. The policies were put in place for health and safety, but the guidelines did impact how
classrooms typically operated. First, having a socially distanced conversations with a mask on
and desk shield was complicated. Second, there was a lot of ambient noise that made hearing
other people difficult, especially when students were soft-spoken.
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The current study is dependent on student and teacher survey responses. Survey
responses can be limited by self-reporting, and there is a possibility that participants could
respond based on what they think the researcher would like to hear (Creswell, 2015). A more
thorough analysis could be accomplished by interviewing teachers and students to explore their
perceptions deeper. When reading through the survey responses, there were numerous times the
researcher wanted to ask follow-up questions to elicit further information from respondents; this
could have been done if interviews had been conducted. If interviews had taken place, the
questions could have been reframed, or conversation refocused on the science content and
student understanding versus writing mechanics, grammar, or spelling.
Another limitation of the current study is that all the students participated in the test
group, and all students participated in academic discourse. A study with a control group that did
not participate in academic discourse could produce different findings. Therefore, no
determination can be made as to the effectiveness of the write-converse-write strategy in
developing understanding compared to the write-nothing-write or writing a rough draft followed
by a final draft.
The researcher of this study may present some biases. The researcher knew the
participants of the study. Every effort was made to encourage open and honest answers from
teachers, but personal relationships may have influenced survey responses. The researcher may
also be unaware of their own implicit biases regarding the WCW strategy. Both the classroom
teacher and researcher scored student writing to address any implicit bias; any discrepancies
between the two were sent to an arbitrator (third scorer) for resolution. A second coder was used
to code and analyze survey responses. The second coder and the arbitrators did not have a robust
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scientific knowledge background. Finally, an outside reader looked at chapters four and five to
provide feedback regarding the study’s results and implications.
Concluding Comments
Multiple researchers have explained that in order to meet the demands and ambitious
science teaching called for in the NGSS, science education would have to change (Allen &
Penuel, 2015; Best & Dunlap, 2014; Bybee, 2012, 2013; DeBarger et al., 2017; Fulmer et al.,
2018; Furtak & Penuel, 2019; Kawasaki & Sandoval, 2019, 2020; NRC, 2012, 2014, 2015;
Osborne, 2014, 2019; Penuel et al., 2015; Penuel & Reiser, 2018; Reiser, Michaels, et al., 2017;
Sandoval et al., 2016; Schwarz et al., 2017; Zangori & Pinnow, 2019). The connection between
the Common Core State Standards for English Language Arts is discussed in Appendix M of the
NGSS. The appendix specifically stated, “writing and presenting information orally are key
means for students to assert and defend claims in science, demonstrate what they know about a
concept, and convey what they have experienced, imagined, thought, and learned” (NGSS Lead
States, 2013, p. 158). Several authors (National Academies of Sciences et al., 2019; Prain &
Hand, 2016) have emphasized the importance of providing students with multimodal experiences
to create meaningful learning opportunities and enhance their scientific arguments. Hand, Chen,
and Suh (2021) explained that during classroom discussions and small groups, students were
encouraged to use as many multimodal representations as possible because defending, debating,
and negotiating their representations increased the cognitive demand placed on students.
Writing with the NGSS requires students to engage in constructing their knowledge.
Authors (Duschl et al., 2017; Huerta & Garza, 2019; National Academies of Sciences et al.,
2019; Reiser, Michaels, et al., 2017; Schwarz et al., 2017) have explained that writing should
require students to strengthen their scientific understanding and refine their thinking. Writing
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tasks should also be interesting and build on students’ prior knowledge (Penuel et al., 2019).
Students should be provided opportunities to write about their observations related to phenomena
(Duschl et al., 2007) and construct explanations that justify how and why a particular
phenomenon occurred (Reiser, Michaels, et al., 2017).
Data from a study conducted by Chen, Park, and Hand (2016) suggested that student
knowledge development increased when students used speaking and writing synergistically.
When students were required to use speaking and writing together, they employed higher
cognitive functions as opposed to using speaking or writing in isolation. Prain and Hand (2016)
explained that writing accommodated diverse learners and allowed learners to develop domainspecific literacy supporting student learning. The authors also highlighted that writing enabled
personal growth, creative self-reflection and helped students make sense of their learning. Huerta
and Garza (2019) identified that writing-to-learn in science could increase student scientific
literacy, conceptual understanding, and use of academic language. They found that the write-tolearn interventions were most successful when students participated in peer collaboration and
were provided feedback regarding their learning.
The NGSS for All Students (Lee et al., 2015) and The Framework (NRC, 2012)
emphasized that all students needed to be scientifically literate. Science literacy is vital for
society so that students have the science and engineering knowledge required to engage in public
discussions, be careful consumers of science and technological information (NRC, 2012). The
three dimensions of the NGSS outlined in detail how students achieved scientific literacy. A
fundamental aspect of students becoming scientifically literate is increasing their epistemic
agency within the classroom.
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Traditional classroom models have followed a triadic dialogue. Typically, a teacher asks
a question, students reply with an answer, and the teacher follows up with an evaluation or
feedback. In this Initiation-Response-Evaluation (IRE or IRF) dialogue, the teacher always has
epistemic authority, and the students respond or speak directly to the teacher. Enabling students
to become the epistemic authority within the classroom allows the work to be student-driven and
empowers students to discuss science ideas without the teacher present (Stroupe, 2014).
Classroom culture and norms that support students in becoming epistemic agents will
have to be established. Several authors (Michaels & O’Connor, 2012; Zangori & Pinnow, 2019)
identified that teachers determined who held the epistemic authority in the classroom through the
classroom culture they created and the talk moves teachers utilized. Sandoval et al. (2019)
demonstrated that talk moves could encourage student elaboration and justification of their
thinking. Researchers (Gonzalez-Howard & McNeill, 2019; Kawasaki & Sandoval, 2019;
Zangori & Pinnow, 2019) have established that teachers’ framing of lessons can engage students
as the epistemic authority in the classroom. Sandoval et al. (2019) found that when the focus was
on building collective sense-making that required all students to agree, the students worked
together to solve the problems. In this part of the Sandoval et al. (2019) study, the teacher
encouraged students to speak directly to each other during discussions. Encouraging students to
become epistemic agents within the classroom builds a culture of social accountability, which
allows for sense-making (Kawasaki & Sandoval, 2019; Sandoval et al., 2019). To successfully
implement argumentation in the classroom, students must become the classroom’s epistemic
authority (Gonzales & McNeill, 2018; McNeill et al., 2017; Miller et al., 2018).
Researchers (Debarger et al., 2017; Michaels, 2008; Michaels & O’Connor, 2012;
Murphy, 2018; Murphy et al., 2009; Murphy & Firetto, 2017; Wei et al., 2018; Wilkerson et al.,
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2010) have studied different discourse moves that positioned students as epistemic agents within
the classroom and encouraged critical-analytical thinking and reasoning. Chen et al. (2017)
found that teacher roles in the classroom tended to shift over time from controlling the ownership
of ideas and activities towards promoting student epistemic agency. The researchers found that
students responded with higher cognition levels when teachers took on the roles of moderator,
coach, or participant.
The research conducted in this study analyzed how a write-converse-write (WCW)
strategy impacted student science understanding as evidenced by their writing. The study also
looked at the impact the WCW strategy had on students’ claim-evidence-reasoning in science,
along with student and teacher perceptions regarding the effectiveness of the strategy. The
findings showed improvement in student science content understanding as evidenced by the
rubric scores. Improvements were also found in students’ evidence and reasoning scores from
write one to Write Two. There were no significant differences seen in student claim scores. Data
from the student and teacher surveys implied that students and teachers found the strategy
beneficial for student learning and improved student understanding.
The study is relevant to the field of science education for numerous reasons. First, when
students engage in the WCW strategy, they write and present their information to their peers
defending their claims and building collective sense-making through peer conversations. Second,
the WCW required students to construct their knowledge and refine their thinking, reinforcing
the Chen, Park, and Hand (2016) finding that student knowledge development increased when
students used writing and speaking synergistically. Third, the strategy assisted students in
building domain-specific literacy and supported several other researchers’ findings (Huerta &
Garza, 2019; Prain & Hand; 2016). Fourth, the WCW strategy scaffolds peer conversations
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which can assist students in developing scientific literacy and allows students to become
epistemic agents within the classroom. Finally, as students participated in the WCW strategy,
they built a culture of collective sense building and social accountability. Based on the findings
of this study, the WCW strategy appears to be a valuable tool for scaffolding student learning
and writing in the classroom.
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Appendix A: Field Test Rubric
Claim

Evidence

Reasoning

MS-LS4-4
I can tell
someone
how and
why some
traits help
an
individual

Advanced 4

Proficient 3

Developing 2

The claim is
introduced, clearly
communicated, and
the focus is strongly
maintained for the
purpose, audience,
and task.

The claim is clear,
and the focus is
mostly maintained
for the purpose,
audience, and task
the thesis statement
is clear and
supported
throughout the
essay.

The claim may be
somewhat unclear,
or the focus may be
insufficiently
sustained for the
purpose, audience,
and task

The claim may be
confusing or
ambiguous; response
may be too brief, or
the focus may drift
from the purpose,
audience, or task

• Most evidence is
relevant data or
observations from an
experiment or
scientific
investigation.
• Adequate evidence
from sources is
integrated.
• Several pieces of
evidence are used to
support the claim.
• Data are accurate
but not specific.

• Some evidence is
relevant data or
observations from
an experiment or
scientific
investigation.
• Evidence is
weakly integrated,
imprecise, or
repetitive.
• Limited evidence
is used.
• Data are specific
but not accurate.

• Evidence is not
relevant data
or observations from
an
experiment or
scientific
investigation or not
relevant.
• Experiment is not
described.
• Evidence is
irrelevant or of poor
quality.
• Data are neither
specific nor accurate.

• Explicit reasoning
is provided that
links all evidence to
the claim.
• Scientific
principles are
correctly
explained to show
how and why the
evidence supports
the claim.

• Reasoning links
most pieces of
evidence to the
claim.
• Scientific
principles are
correctly
explained.
• The claim is
referenced
throughout the
reasoning.

• Reasoning links
some evidence to
the claim.
• Scientific
principles are
explained
but slightly
incorrect.
• The claim is
referenced, but not
clearly.

• Reasoning is weak
and does
not make a
connection
between the evidence
and the
claim.
• Scientific principles
are not
explained or
explained
incorrectly.
• The claim is not
referenced

The claim was
supported with
multiple pieces of
evidence that
organisms with an
advantageous
heritable trait tend
to increase in

The claim
scientifically
explained, with
evidence, how
genetic variations of
traits in a population
increase some
individuals’

The claim
described how
genetic variations
of traits in a
population increase
some individuals’
chance of surviving
and reproducing.

The claim identified
one adaptation that
allows an organism
to survive better in a
particular
environment.

• All evidence is
relevant data or
observations from
an experiment or
scientific
investigation.
• Experiment is
briefly described to
provide context.
• Multiple pieces
relevant quality
evidence is used to
back up the claim.
• All data are
specific and
accurate.
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Emerging 1

Missing 0

No Claim

No
Evidence
is
provided

No
Reasoning

survive and
reproduce.

proportion to
organisms lacking
this trait.

probability of
surviving and
reproducing in a
specific
environment.

MS-LS4-6
I can use
math to help
explain how
natural
selection
can lead to
more or less
of specific
traits over
time.

The explanation
was constructed
using multiple
sources of evidence,
for how natural
selection leads to
adaptations of
populations.
I can evaluate the
evidence supporting
claims that changes
in environmental
conditions may
result in increases in
a species'
population,
decreases in a
species' population,
or extinction.

The explanation
used mathematical
models, probability
statements, and
proportional
reasoning to support
explanations of
trends in changes to
populations over
time.

The explanation
described the
relationship
between natural
selection and trends
in population traits
over time.

The explanation that
in a particular
habitat, some
organisms are
adapted for survival.

Note. Adapted From: Boston Public Schools. (n.d.). Science Explanation CER Student Rubric.
Boston Public Schools Science Educator Resources. Retrieved October 30, 2021, from
https://bpsscience.weebly.com/uploads/2/2/1/3/2213712/student_rubric.pdf
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Appendix B: Pilot Study Rubric
Advanced 4
Claim

Evidence

The claim is introduced,
clearly communicated,
and the focus is strongly
maintained for the
purpose, audience, and
task.

• Explicit reasoning is
provided that links all
evidence to the claim.
• Scientific principles are
correctly
explained to show how
and why the
evidence supports the
claim.

MS-LS3-1
I can create a
model to
show how
genetic
mutations on
chromosomes
can affect an
organism’s
proteins.
I can explain
that these
changes may
be helpful,
harmful, or
have no effect
on the
organism.

Developing 2

Emerging 1

The claim is clear, and the
focus is mostly maintained
for the purpose, audience,
and task. The claim is
clear and supported
throughout the paragraph.

The claim may be
somewhat unclear, or the
focus may be
insufficiently sustained for
the purpose, audience, and
task

The claim may be
confusing or ambiguous;
response may be too
brief, or the focus may
drift from the purpose,
audience, or task

• Some evidence is
relevant data or
observations from an
experiment or
scientific investigation.

• Evidence is not relevant
data or observations from
an
experiment or scientific
investigation or not
relevant.

• All evidence is relevant
data or observations from • Most evidence is
an experiment or scientific relevant data or
investigation.
observations from an
experiment or scientific
• Experiment is briefly
investigation.
described to provide
context.
• Adequate evidence from
sources is integrated.
• Multiple pieces of
relevant quality evidence • Several pieces of
is used to back up the
evidence are used to
claim.
support the claim.
• All data are specific and
accurate.

Reasoning

Proficient 3

Explains that the sickle
cell mutation is an
inherited genetic
mutation and
specifically how it
might be beneficial,
harmful, or neutral to
an organism.

• Evidence is weakly
integrated, imprecise, or
repetitive.

• Experiment is not
described.

• Limited evidence is
used.

• Evidence is irrelevant
or of poor quality.

• Data are accurate but not • Data is specific but not
specific.
accurate.

• Reasoning links some
evidence to the claim.

• Scientific principles are
correctly explained.

• Scientific principles are
explained but slightly
incorrect.

• Scientific principles are
not explained or
explained incorrectly.

• The claim is referenced
throughout the reasoning.

• The claim is referenced,
but not clearly.

• The claim is not
referenced

Explains that the sickle
cell mutation can be
beneficial, harmful, or
neutral to an organism.

Explains that mutations
can be harmful,
beneficial, or neutral
but provides limited or
no evidence to support
the explanation.

Explains that the sickle
cell mutation results in
changes to the
hemoglobin protein.

Explains that the sickle
cell mutation results in
changes to the
hemoglobin protein and
the specific disease
over which it may have
evolved to become an
advantage
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No
Claim

No
Evidence

• Data is neither specific
nor accurate.
• Reasoning is weak and
does not make a
connection between the
evidence and the claim.

• Reasoning links most
pieces of evidence to the
claim.

Missing 0

Does not explain that
mutations can be
harmful, beneficial, or
neutral.
Demonstrates little to
no understanding of
mutations.

No
Reasoning

Appendix C: Study Rubric

Claim

Evidence

Advanced 4

Proficient 3

Developing 2

Emerging 1

The claim is introduced,
clearly communicated, and
the focus is strongly
maintained for the
purpose, audience, and
task.

The claim is clear, and the
focus is mostly maintained
for the purpose, audience,
and task. The claim is
clear and supported
throughout the paragraph.

The claim may be
somewhat unclear, or the
focus may be insufficiently
sustained for the purpose,
audience, and task

The claim may be
confusing or ambiguous;
response may be too
brief, or the focus may
drift from the purpose,
audience, or task

• Some evidence is
relevant data or
observations from an
experiment or
scientific investigation.

• Evidence is not relevant
data or observations from
an
experiment or scientific
investigation or not
relevant.

• All evidence is relevant
data or observations from • Most evidence is
an experiment or scientific relevant data or
investigation.
observations from an
experiment or scientific
• Experiment is briefly
investigation.
described to provide
context.
• Adequate evidence from
sources is integrated.
• Multiple pieces of
relevant quality evidence
• Several pieces of
is used to back up the
evidence are used to
claim.
support the claim.
• All data are specific and
accurate.

• Evidence is weakly
integrated, imprecise, or
repetitive.

I can explain
how
Newton’s 3
Laws of
Motion
apply to
sports and
how a
change in an
object’s
motion
depends on
the sum of
the forces on
the object.

• Data are accurate but not
specific.

• Data is specific but not
accurate.

• Data is neither specific
nor accurate.

• Reasoning links some
evidence to the claim.

• Reasoning is weak and
does not make a
connection between the
evidence and the claim.

• Reasoning links most
pieces of evidence to the
claim.

• Scientific principles are
correctly explained to
show how and why the
evidence supports the
claim.

• Scientific principles are
correctly explained.

• Scientific principles are
explained but slightly
incorrect.

• Scientific principles are
not explained or
explained incorrectly.

• The claim is referenced
throughout the reasoning.

• The claim is referenced,
but not clearly.

• The claim is not
referenced

Explains how both
sports use all 3 of
Newton’s Laws of
Motion in detail.
Discusses the law of
conservation of
momentum when
explaining that the
motion of an object
changes depending on
the forces.

No
Evidence

• Experiment is not
described.

• Explicit reasoning is
provided that links all
evidence to the claim.

Explains each of
Newton’s 3 Laws of
Motion correctly and
provides an example of
each that is unrelated to
the article.

No
Claim

• Evidence is irrelevant
• Limited evidence is used. or of poor quality.

Reasoning

MS-PS2-2

Missing 0

States each of
Newton’s 3 Laws of
Motion correctly.

Explains 2 of Newton’s
3 Laws of Motion
Correctly.

Incorrectly states
Newton’s Laws of
Motion.

Correctly explains how
the sport uses all 3 of
Newton’s Laws in detail.

Partially or incorrectly
explains how the sport
uses parts of Newton’s
Laws of Motion but
does not explain how all
3 laws of motion are
used in detail or
correctly.

Does not explain how
the sport uses
Newton’s Laws of
Motion.

Explains that objects
change motion depending
on the force or forces
applied to the object.

Partially explains that
an object's change in
motion depends on the
forces applied to the
object.
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Does not explain how
an object's change in
motion is related to
the forces applied to
the object.

No
Reasoning

Appendix D: Student Survey
1. How did the WCW strategy impact (influence, effect) your understanding? (Quant)
•

1- no impact; 2- minor impact; 3- some impact; 4- moderate impact; 5- major impact

2. I learn more when I can discuss ideas with my peers.
•

1- strongly disagree; 2- disagree; 3- neither agree nor disagree; 4- agree; 5- strongly agree

3. I believe that the WCW strategy is helpful for us to learn.
•

1- strongly disagree; 2- disagree; 3- neither agree nor disagree; 4- agree; 5- strongly agree

4. What specific feedback did your partner give you that built on your understanding? (Qual)
5. What feedback did you give your partner to build on their understanding? (Qual)
6. Explain how talking with your peers after your first write impacted your second piece of
writing. (Qual)
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Appendix E: Teacher Survey
1. Likert Scale 1-5 did the WCW strategy impact student understanding, as evidenced by
their writing?
o 1- negative impact; 2- minor impact; 3- neutral; 4- moderate impact; 5- major
impact
2. Have you previously implemented the WCW strategy in your classroom?
o 1- yes; 2- no
3. What part of the strategy did you find to be the most beneficial? Please explain why.
4. What part of the strategy did you feel was the least beneficial? Please explain why.
5. How did the WCW Strategy impact student’s science writing?
6. What language supports were provided that helped students communicate?
7. What writing supports were provided that helped students with their scientific writing?
8. What are your overall thoughts regarding the WCW strategy as an instructional tool?
9. Likert Scale 1-3 what is the likelihood that you would use the WCW strategy in your
classroom again?
o 1- extremely unlikely; 2- unlikely; 3- neutral; 4- likely; 5- extremely likely

230

Appendix F: Recruiting Email Sent to Teachers
Dear Teacher,
Hello, I am in the process of working on my dissertation. The purpose of the study is to collect
quantitative and qualitative data regarding the impact of the write-converse-write (WCW)
strategy along with student and teacher perceptions related to the strategy. To do this, I need to
have teachers who are willing to implement the strategy in their classrooms. When I thought of
people who could assist in the implementation of the strategy and study you immediately came
to mind.
Participation in the study would involve:
• Attending a one-to-two-hour professional development session.
O Understand the Scope of the Project
o The write-converse-write strategy
o Identify a writing prompt to use in the classroom
o Discuss the CER Rubric that will be used for scoring
§ Score five student samples individually
§ Discuss scoring with the group and calibrate scoring
• Timing: Dedicate one to two class periods to implementing the strategy between
March 2021 and April 2021
• Implement the Strategy in the Classroom
o Score students first and second pieces of writing
o Have students take the student survey
o Complete the teacher survey
If you have any questions are willing or interested in participating, please feel free to contact me
at (651) 304-0001 or jlk66898@bethel.edu
Thank you for your consideration and time! I know this is a crazy time of year with unusual
circumstances!
Thank you!
Jessica
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Appendix G: Teacher Informed Consent
Teacher Informed Consent
You are invited to participate in a study to determine the impact of a write-converse-write
strategy on science conceptual understanding as evidenced by student writing. I hope to learn
the impact the strategy has on student understanding, along with the perceived impact of the
strategy from teachers and students. You were selected as a possible participant for this study
because you are a teacher at Alder Creek Middle School. This research is for partial fulfilment
of the requirements for Jessica Keller to complete the Doctorate in Educational Leadership
Program through Bethel University in St. Paul, MN.
If you decide to participate, you will be asked to implement the write-converse-write
instructional strategy in your science classroom. You would participate in a one-to-two-hour
professional development session discussing the write-converse-write strategy, identifying a
writing prompt to use to implement the strategy, and calibrating grading using a rubric. In the
classroom you will provide students with the writing prompt and time to individually respond.
Next students would participate in a peer discussion regarding their writing sample and the
writing prompt. Then students will complete a final write responding to the same writing
prompt. After students have completed their writing, they will take the student survey asking
about the impact of the write-converse-write strategy. The writing samples would be scored,
and the teacher would take the teacher survey assessing the perceived impact of the writeconverse-write strategy.
Due to COVID the peer discussions may take place in a Google Meet Breakout Room which
would allow students to interact with each other.
Any information obtained in connection with this study that can be identified with you will
remain confidential and will be disclosed only with your permission. In any written reports or
publications, only aggregate data will be presented. The district, school, teachers or students
will not be identified at any time.
Your decision whether or not to participate will not affect your future relations with the
researcher in any way. If you decide to participate, you are free to discontinue participation at
any time without affecting such relationships.
This research project has been reviewed and approved in accordance with Bethel’s Levels
of Review for Research with Humans. If you have any questions about the research and/or
research participants’ rights or wish to report a research- related injury, please email
Jessica Keller at jlk66898@bethel.edu or Patricia Paulson at patricia-paulson@bethel.edu.
You are making a decision whether or not to participate. Your signature indicates that you have
read the information provided above and have decided to participate. You may withdraw at any
time without prejudice after signing this form should you choose to discontinue participation in
this study.
Signature: ____________________________________________ Date: ___________________
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Appendix H: Student Letter
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Appendix I: Student Opt-Out Form
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Appendix J: A/B Partners Protocol for Critical Thinking

A/B Partners Protocol for Critical Thinking
1. Share your Ideas

2. Listen to understand
Partner B
- I heard you say _____. What makes you think
that?
- I heard you say _____. What if _____?
- Can you explain the part about _____ again?
- What do you mean when you say _____?

Partner A
- I think ______ happened because….
- Evidence that supports my idea is…
- The activity we did with _____ helps
me know more about _____ because…
- One thing I’m wondering about is…

3. Clarify and elaborate

4. Repeat steps 2 & 3 until all questions are answered

Partner A
Answers partner’s question or asks
for clarification in order to understand
the question.

5. Switch roles and repeat steps 1-4

6. Reflect on your understanding in writing
-

My idea about ____ changed when my partner said…
I will add ____ to my idea about ____ because…
I still have questions about…
I may be able to answer my question(s) if I could investigate _____.

Thompson, J. (2016, November 12,). A/B Partner Talk Protocol | Ambitious Science
Teaching. https://ambitiousscienceteaching.org/ab-partner-talk-protocol/
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Appendix K: IRB Approval
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Appendix L: Teacher Professional Development
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Appendix M: Sickle Cell Anemia Article Provided to Students During the Pilot Study
Read the following article carefully and make notes in the margin as you read. Share your margin notes
with a partner before whole class discussion.
Your notes should include:
• Comments that show that you understand the article. (A summary or statement of the main idea of
important sections may serve this purpose.)
• Annotate the Article
∞ I made a connection
! That’s surprising, or new info
? “I don’t understand…”
* This is important
I understand this question or idea
Circle Unfamiliar words

Article Teen Health: Sickle Cell Disease

Notes

What Is Sickle Cell Disease?
Sickle cell disease is a condition in which red blood cells are not shaped
as they should be. Red blood cells usually look like round discs. But in
sickle cell disease, they're shaped like crescent moons, or an old farm tool
known as a sickle.
These sickle shaped cells get stuck together easily, and block off small
blood vessels. When blood can't get to where it should, it can lead to pain
and organ damage.

What Are the Signs & Symptoms of Sickle Cell Disease?
People with sickle cell disease can have pain when blood can't get to parts
of the body. These times are called pain crises.
Pain may happen in any part of the body and may be brought on by cold,
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stress, illness, or dehydration. The pain may last a few hours, a few days,
or sometimes longer. Sometimes pain can be managed at home. But
someone with severe pain might need treatment in a hospital.
People with sickle cell disease often have a low number of red blood
cells, or anemia. Signs of anemia include:
●
●
●
●
●
●
●
●

paleness, often seen in the skin, lips, or nailbeds
tiredness
dizziness
being short of breath
feeling lightheaded
being irritable
trouble paying attention
a fast heartbeat

People with sickle cell anemia may have jaundice (skin and whites of the
eyes look yellow). This happens because the sickle-shaped red blood cells
break down faster than normal cells.
What Problems Can Happen?
People with sickle cell disease can have problems that need immediate
care by a doctor, such as:
●

●

●

●

Acute chest syndrome: Caused by inflammation , infection, and
blockages of small blood vessels of the lung. Signs include chest
pain, coughing, trouble breathing, and fever.
Aplastic crisis: This is when the body temporarily does not make
enough red blood cells, and can cause severe anemia. Signs
include paleness, extreme tiredness, and a fast heartbeat.
Infection: People with sickle cell disease are a risk for some
bacterial infections. It's important to watch for fevers of 101°F
(38°C) or higher, which can be signs of an infection. Call your
doctor and get medical care right away if a fever happens.
Stroke: Sickle-shaped cells can block small blood vessels in the
brain, causing a stroke. Signs can include headache, seizure ,
weakness of the arms and legs, speech problems, a facial droop, or
loss of consciousness.

People with sickle cell disease are also at risk for problems such as leg
ulcers, bone or joint damage, gallstones, kidney damage, eye damage, and
delayed growth.
What Causes Sickle Cell Disease?
Sickle cell disease is not contagious, so you can't catch it from someone
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else or pass it to another person like a cold or an infection.
People with sickle cell disease have it because they inherited two sickle
cell genes , one from each parent. In some types of sickle cell disease,
people can inherit a sickle cell gene from one parent and a different
abnormal hemoglobin gene from the other parent.
A person who inherits the sickle cell gene from only one parent will not
develop the disease, but will have something called sickle cell trait .
People with sickle cell trait often don't have any signs of the disease, but
they can pass the sickle cell gene to their children.
How Is Sickle Cell Disease Treated?
Stem cell transplant (also called bone marrow transplant) is the only
known cure for sickle cell disease. Transplants are complex and risky
procedures, and for now are an option only for some patients.
Scientists are studying gene therapy as a treatment for sickle cell anemia.
One day, it's hoped that doctors can stop the disease by changing or
replacing the abnormal gene that causes it.
But even without a cure, people with sickle cell disease can lead fairly
normal lives if they follow their treatment plan. Their plan might involve:
●

●
●

●
●
●

Immunizations and daily doses of penicillin to help prevent
infection. Besides having all recommended childhood
vaccinations, teens with sickle cell disease should get the
pneumococcal, flu, and meningococcal vaccines.
Taking folic acid supplements to help them make new red blood
cells.
Taking hydroxyurea, a medicine that makes sickled red blood
cells less sticky. This helps people have fewer painful episodes
and other complications. Hydroxyurea needs to be taken every
day.
Taking L-glutamine, another medicine that is newly approved for
sickle cell disease.
Taking medicines to help when pain does happen.
Getting blood transfusions.

When Should I Call the Doctor?
Someone with sickle cell disease needs medical care right away if any of
these problems happen:
●
●
●

a fever of 101°F (38°C) or higher
pain that isn't getting better with medicine
chest pain
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●
●
●
●
●
●
●
●
●
●
●

severe headaches or dizziness
severe stomach pain or swelling
shortness of breath or trouble breathing
extreme tiredness
skin that's yellow or very pale
sudden change in vision
seizures
weakness or trouble moving part of the body
slurred speech
loss of consciousness (passing out)
numbness or tingling

What Can Teens With Sickle Cell Disease Do to Feel Better?
To manage sickle cell disease:
●
●
●
●
●
●

Go to all doctor's visits and share any concerns or new symptoms.
Avoid your pain crisis triggers, such as extreme temperatures or
stress.
Talk to your doctor about which activities are right for you and
which you should avoid.
Don't smoke, drink alcohol, or use drugs.
Drink lots of liquids and get enough rest.
Let an adult know right away if you don't feel well.

Reviewed by: Robin E. Miller, MD
Date reviewed: July 2018
https://kidshealth.org/en/teens/sickle-cell-anemia.html?scrlybrkr=9f2f3319

Article: Sickle Cell Anemia
https://kids.britannica.com/students/article/sickle-cell-anemia/598750

(Left) Micro Discovery/Corbis; (right) NASA
The disease that destroys red blood cells by causing them to take on a
rigid crescent, or “sickle,” shape rather than a normal disc shape is called
sickle cell anemia. The disease is hereditary, or passed down from parents
to their offspring. Sickle cell anemia occurs mainly in people of African
descent but can also be found in persons of the Middle East, the
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Mediterranean, and India.
Sickle cell anemia is caused by an abnormal type of hemoglobin, called
hemoglobin S. Hemoglobin is the protein in red blood cells that carries
oxygen to the tissues of the body. When the red blood cells release their
oxygen to the tissues, hemoglobin S becomes stacked and twisted into
rods. These rods cluster into bundles that distort and elongate the cells,
causing them to become rigid and assume a sickle shape. This
phenomenon is to some extent reversible after the cells become
oxygenated once more. Repeated sickling, however, ultimately results in
irreversible distortion of the red cells. The sickle-shaped cells become
clogged in small blood vessels, obstructing circulation and eventually
damaging and destroying various tissues.
In order to get sickle cell anemia, the hemoglobin S gene must be
inherited from both parents. A person who inherits the sickle cell gene
from one parent and a normal hemoglobin gene from the other parent is a
carrier of the sickle cell trait. Most people with the sickle cell trait have no
symptoms of disease. The overall mortality rate of persons with the sickle
cell trait is no different from that of a normal comparable population.
An estimated 1 in 12 blacks worldwide carries the sickle cell trait, while
about 1 in 400 has sickle cell anemia. If both parents have the sickle cell
trait, the chances are 1 in 4 that a child born to them will develop sickle
cell anemia. Through the analysis of amniotic fluid surrounding a fetus (a
process called amniocentesis), a testing procedure done in the early stages
of pregnancy, it is possible to detect sickle cell anemia in the fetus.
Sickle cell anemia produces many of the symptoms of chronic anemia (an
ongoing condition in which the body either does not have enough red
blood cells or they are lacking in hemoglobin). These symptoms include
fatigue, pale skin, and shortness of breath. Other symptoms are possible,
such as the susceptibility to infection, jaundice and other eye problems,
delayed growth, and bouts of severe pain in the abdomen, bones, or
muscles.
There is no cure for sickle cell anemia; most care is devoted to alleviating
symptoms. Infants and young children with the disease are given regular
daily doses of penicillin, an antibiotic, to prevent serious infection. In
some cases blood transfusions are given regularly to prevent organ
damage and stroke and to relieve the worst symptoms of red blood cell
loss. In severe cases bone marrow transplants have been of some benefit.
Some drugs reduce the principal symptoms of the disease.
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Appendix N: Pilot Study Student Document for Writing The Sickle Cell CER

Write Converse Write Mutations CER Sickle-Cell
Anemia
Intro: Sickle-cell anemia mutation
Some humans have a blood mutation called HbS that makes red blood cells
take on a curved, sickle-like shape. Most people don’t have this mutation.
With two copies (homozygous) of the mutation, it causes the illness of sicklecell anemia. Sickle-cell anemia is a condition in which there aren't enough
healthy red blood cells to carry adequate oxygen throughout your body.
Is the HbS mutation helpful, harmful, or neutral to humans?
Write Take One:
● Write your claim.
● Support your claim with at least three pieces of evidence from the articles, or videos or
other sources.
● Provide reasoning that connects your evidence to your claim.

Write Take Two:
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Appendix O: Student Reading Newton’s Three Laws of Motion and Baseball
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Appendix P: Student Reading Newton’s Laws and Volleyball
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Appendix Q: Student Document for Writing Newton’s Laws and Sports CER

Student ID:
Write Converse Write Newton’s Laws and Sports CER
Intro: Newton’s Laws
Sir Isaac Newton used his three laws of motion to help explain why objects move the way
they do when forces are applied. Newton’s Three Laws of Motion can be applied when
sports are played, too. Using the resources, read about the two sports, and determine:

Which sport best uses all three of Newton’s Laws?
Resources:
Newton's Three Laws of Motion for Volleyball
How Are Newton's Three Laws of Motion Used in Baseball?

Write Take One:
● Write your claim.
● Support your claim with at least three pieces of evidence from the articles.
● Provide reasoning that connects your evidence to your claim.
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Write Take Two:
1. Copy and paste your writing from Write Take One into the space below.
2. Add any new information or make changes/corrections
3. Please highlight or use a different color font for any additions that you make to
your writing.
● Write your claim.
● Support your claim with at least three pieces of evidence from the articles.
● Provide reasoning that connects your evidence to your claim.
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